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Abstract 
Faba bean has become a significant rotation crop in northern NSW used to manage cereal disease 
inoculum levels, provide Nitrogen to the farming system and generate additional income. Faba 
bean is considered to be susceptible to drought and like many pulse crops, reproductive structures 
are sensitive to high temperatures. For high yield, early sowing is considered important as this 
allows accumulation of a large biomass and avoidance of terminal heat and drought stress. In 
Australia the faba bean industry is concentrated in the southern Mediterranean agricultural areas 
and relatively little research has been completed in the northern grains region. 
 
Field trials at Breeza and Narrabri situated in North West New South Wales on self-mulching 
vertosols in the eastern half of the grain belt examined the influence of three sowing dates (early, 
mid and late) on yield, seed weight, harvest index, maturity, pod distribution at four nodal 
intervals as well as biomass production at flowering, early podding and maturity. At Breeza the 
influence of irrigation on these traits was also examined. In addition, tagged plants were used to 
study the development of flowers into pods at individual nodes in relationship to temperature 
regimes during the seven and ten days following first flower at specific nodes.  
 
Sowing date was significant and mid (early May) sowing producing the highest yield and seed 
weight at both sites. At Breeza the latest sowing date produced greater yield than the earliest 
sowing date and this was associated with very high final biomass at the earliest sowing date 
(9.8t/ha).  At Narrabri the earliest sowing date yielded similar to the latest indicating that early 
sowing was less detrimental to yield at Narrabri.  
 
 
Poor yield in late sown material is likely due to terminal moisture and temperature stress and 
more likely to occur in less favourable locations and seasons.  Poor yield in early sown material 
is likely due to production of excessive biomass resulting in intraplant competition and is most 
likely to occur in favourable seasons and locations such as the Liverpool Plains. Irrigation had no 
impact on yield but significantly reduced harvest index and seed weight. Lower seed weight was 
observed at the more favourable Breeza site possibly as a result of intraplant competition. The 
quickest maturing geonotype, IX148f gave the highest yield, seed weight and stability in seed 
weight at both sites indicating that shorter maturity is important in this environment.  
 
Dry matter production was greater with early sowing, higher moisture and in particular warmer 
temperatures. A weak relationship between biomass and yield was observed in this study in 
contrast to previous research. Sowing date also influenced pod distribution at all nodal intervals 
at both sites with earlier sowing and more favourable season producing pods at higher nodal 
intervals.  
 
Production of pods at individual nodes was found to be maximized with average daily 
temperatures in the range of 12.5 – 13.5 °C, daily maximum temperatures in the range 
23.5 – 25.5 °C and daily minimum temperatures in the range of 3 – 4 °C. 
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1 General Introduction 
 Taxonomy and origin 
Faba bean (Vicia faba L.) belongs to the family Fabaceae and is divided into two subspecies, 
paucijuga and eu-faba. The subspecies paucijuga is very small seeded and morphologically 
different, but can be easily crossed with eu-faba. Within eu-faba there exists the large seeded var. 
major, intermediate size var. equina and the small seeded var. minor (Hawtin and Hebblethwaite, 
1983).  In Australia, the intermediate size var. equina has become a significant commercial grain 
crop. Other sources of diversity in the germplasm include different climatic adaptation (winter, 
spring and Mediterranean types) as well as determinate and indeterminate types (Baginsky et al., 
2013). It is likely that faba bean originated in West or Central Asia and the domestication 
occurred during the Neolithic period in the Mediterranean and eastern Europe (Hawtin and 
Hebblethwaite, 1983).   
 World production 
Faba bean is relatively a small grain legume on a world scale and data on world production, 
export and import is not compiled.  From 2006-2008 (the last period for which data is available) 
faba bean comprised 4% of the world pulse grain area and 10% of production. The largest areas 
of production occurred in East Asia, mostly China with 38% of production, followed by the 
combined areas of Sub Saharan Africa, the Middle East and North Africa (37%). The developed 
world (including Australia) comprised 17% of total area. Average yields were 1.9 t/ha in East 
Asia, 1.6 t/ha in Middle East and North Africa and 2.1 t/ha in the developed world (Akibode and 
Maredia, 2011). 
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 History of faba bean production in Australia 
Production of faba bean in Australia commenced in South Australia with the release of the 
genotype “Fiord” in 1980 (Knight, 1994) and in 1986 South Australia grew 34,000 ha. 
Production then began in the higher rainfall regions of Victoria as faba bean withstands temporal 
waterlogging more than other pulse crops, reaching 20,000 ha in Victoria in 1989 (Siddique and 
Sykes, 1997). Production increased more slowly in NSW and did not exceed 10, 000 ha until 
1992 (ABARES, 2013a) because of a lack of suitable varieties in this region.  However, with the 
establishment of a faba bean breeding program in the late 1990s at Narrabri, more suitable 
varieties such as Cairo, Doza, PBA Warda and more recently PBA Nasma were released (from 
2003 onwards) for this region. This led to increase in both area (Adhikari, pers. comm.) as well 
as production per hectare (ha) (PBA, 2013). 
 Loss and Siddique (1997a) trialled faba bean in Western Australia in the early 1990’s and by 
2015 production in that state was estimated at 3,000 ha producing 6,600 t (Pulse-Australia, 2015).  
In Australia between 2006 and 2013 the total area under faba bean production varied from 
187,000 to 203,000 ha with average yields between 0.57 and 1.86 t/ha. Over that period the main 
producing states have been South Australia (SA) followed by Victoria then New South Wales 
(NSW) averaging 68,000, 48,000 and 36,000 ha per year, respectively (ABARES, 2013a). In 
NSW the majority of the crop is grown in the northern part of the state averaging 35,000 ha per 
year (Scott, 2013). 
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Figure 1.1 Faba bean production in Australia. 
Yields in Australia have been variable due to fungal pathogens and fluctuating seasonal rainfall 
(Siddique and Sykes, 1997). The first genotype, Fiord, grown in the early 1980’s and 90’s was 
susceptible to rust (Uromyces vicia-fabae), chocolate spot (Botrytis fabae and B.cinerea) and 
Ascochyta blight (Ascochyta fabae) and a national breeding program was commenced to address 
these issues (Siddique et al., 1998; Siddique and Sykes, 1997).  Newer faba bean varieties bred 
for northern Australia have a shorter maturity and combine greater vegetative frost tolerance, 
greater rust resistance as well as higher yield. 
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 Faba bean in the farming system 
Faba bean benefits crop rotations by providing a disease break and adding Nitrogen (N) to the 
farming system. Moore et al. (2003) found that a rotation of wheat/faba bean compared to 
continuous wheat reduced the incidence of crown rot (Fusarium pseudograminearum) in the 
following wheat crop by reducing inoculum carryover.  Verrell et al. (2005) found that the 
inclusion of faba bean reduced crown rot inoculum by approximately 10% compared to 
continuous wheat under conditions of high crown rot inoculum.  
Thomas et al. (2011) found that faba bean provided an N benefit ( i. e extra N available at sowing 
time in a soil that grew a faba bean crop the previous year compared to one that grew a cereal 
crop) of 40 kg/ha. Herridge et al. (2010) quoted quantities of N fixed between 47 and 190 kg/ha 
and N benefits of between 40 and 50 kg N/ha. Turpin et al. (2002) found that faba bean fixed 
between 209 – 275 kg N/ha and sourced between 69 – 88% of crop N from the atmosphere.  
Schwenke et al. (1998) in a survey of chickpea and faba bean crops in northwest NSW found 
total quantities of N fixed of between 15 and 171 kg N/ha giving an N balance ( i. e the 
difference between the amount of N fixed and the amount exported in the plant parts of the 
harvested pulse crop) ranging from -12 to +94 kg N/ha. 
Faba  bean obtains more crop N from the atmosphere than from the soil and continues to fix N 
from the atmosphere in the presence of higher soil N  compared to chickpea (Cicer arietinum), 
(Turpin et al., 2002).  
In Australia a shift  away from lay farming systems where cereal crops were rotated with legume 
based pastures resulted in increased interest in growing pulse crops (Siddique and Sykes, 1997).  
Consequently, faba bean and other pulse crops, such as chickpea, lupin (Lupinus albus and 
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Lupinus angustifolius), lentil (Lens culinaris) and field pea (Pisum sativum) were developed as 
commercial broad acre crops in Australia. Currently, they occupy nearly 8% of the total winter 
crop in Australia and the industry desire is to increase this proportion to at least 15%.  
 Pulse production and climatic zones in Australia 
Faba bean and other winter pulse crops grown in Australia are indeterminate i. e. their 
reproductive phase once commenced continues until some external factor such as frost or lack of 
moisture prevents growth. This is in contrast to determinate crops such as winter cereals in which 
the cessation of growth is controlled genetically and ceases once certain reproductive structures 
have developed. 
The southern areas of Australia have a Mediterranean environment and the commencement of the 
growing season is defined by the timing of autumn rainfall and the end by rising temperatures 
and increasing moisture stress (Loss and Siddique, 1994).  Production of cool season crops, both 
indeterminate and determinate occur within these constraints. Crops must tolerate low 
temperatures during the winter months and set seed prior to the onset of terminal drought and 
higher temperatures in spring/summer.  
The northern grains region of Australia experiences a subtropical or semi-arid climate. This 
environment has no well-defined single growing season; rainfall distribution is variable and crops 
are grown in summer and winter (Russell and Jones, 1996). Winter crops, such as faba bean, 
must withstand low temperatures in June, July and August and high temperatures and potentially 
moisture stress in spring.  
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To achieve maximum yield, crop phenology must be adapted to the environment. Flowering time 
is critical as it determines the conditions the crop will be exposed to during the reproductive stage 
of growth (Lawn et al., 1995). It is useful to consider the growth and development of faba bean in 
relation to other grain legumes adapted to this environment.  
 Aims of this research 
This research was conducted to study the effect of sowing time, temperature and irrigation on 
crop yield and harvest index of selected faba bean genotypes in northern NSW. Sowing time and 
maturity influence the environment experienced by the crop and importantly exposure to low 
temperatures that occur during early flowering and to heat/moisture stress during late flowering 
and podfill. The impact of environmental factors particularly temperature regimes on the 
fertilization and retention of pods were investigated. 
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2 Review of literature  
 Factors influencing yield in faba bean 
 Phenology 
Phenology is affected by temperature, photoperiod and vernalization. Ellis et al. (1988) studied a 
range of genotypes and found that all had a positive response in terms of speed of progress to 
flowering with increasing temperature over the range 5 – 28 °C, although the highest temperature 
delayed flowering in some lines. Abdalla and Fischbeck (1978) found a similar trend. Ellis et al. 
(1990) studied a Sudanese landrace and found faster progress to flowering over the temperature 
range 14 – 24 °C. Iannucci et al. (2008) observed a similar response in two genotypes used for 
forage. 
At lower temperatures vernalization may influence flowering. Skjelvag (1981) divided the period 
prior to flowering into two phases; emergence to initiation of flowering and initiation to opening 
of first flower.  A growth temperature of 12 °C resulted in faster floral initiation than 15 °C 
although at higher temperatures (21 and 24 °C) floral initiation was higher than at 18 °C. The 
author concluded that the reduction in time to flowering at 12 °C was a vernalization response 
during vegetative growth while reduction at higher temperature was warm temperature response. 
Evans (1959) observed a vernalization response with time to flowering reduced by brief exposure 
to temperatures between 4 and 10 °C. McDonald et al. (1994) found that vernalization of seed 
reduced time to flowering particularly in early sown varieties. 
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McDonald et al. (1994) concluded that for commercial sowing times in South Australia the major 
controls of flowering time were temperature and day length and that vernalization had limited 
influence. 
Faba bean has a quantitative long day response where the time to flowering and the node at 
which flowering commences are reduced with higher photoperiod (Evans, 1959).  Ellis et al. 
(1988) found some genotypes had a positive response to photoperiod, some did not and in some 
lines the response occurred only in genotypes that had undergone vernalization of the seed. 
Much of the research outlined above is old as there has been limited research on phenology in 
faba bean in recent times.  Paull J. (September 2014, pers. comms) has questioned the relevance 
of older research on faba bean phenology to modern commercial varieties used in Australia as 
most of them will have little or no vernalization requirement.   
Despite the limited range of maturities available in commercial faba bean varieties, Matthews et 
al. (2015) reported that phenology still impacts yield. Mwanamwenge et al. (1998) studied a 
range of genotypes including older commercial varieties of longer maturities as well as 
accessions from various countries. They observed that early flowering lines produced higher 
yield as these lines avoided heat and moisture stress during pod development in spring.  
  Excessive biomass production 
As an indeterminate crop, competition for assimilates occurs between vegetative and 
reproductive structures (De Costa et al., 1997), (Grashoff, 1990). Faba bean yields are considered 
to be relatively unstable and it has been reported that competition for assimilate is one of the 
main reasons for yield instability (Keller and Gehriger, 1980; Patrick and Stodddard, 2010). 
There has been concern about excessive biomass growth and the potential that intra plant 
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competition for resources can reduce yield and harvest index.  Irrigation has been used to 
encourage biomass production in order to study this phenomenon. 
Grashoff (1990) found that abundant water during and after flowering stimulated vegetative 
growth, but reduced final seed yield compared to mild water shortage during flowering followed 
by generous water after flowering. For indeterminate faba bean, Sau and Minguez (2000) found 
that high water availability throughout the season reduced harvest index. Smith (1982a) found 
similar effects and concluded that competition between vegetative and reproductive growth was 
the main reason because vegetative growth is favoured to reproductive growth. 
De Costa et al. (1997) found high moisture availability throughout growth reduced harvest index, 
but not yield. Reduced harvest index was more pronounced in indeterminate types and they 
required a longer post flowering period under abundant moisture to set high yield.  
Smith (1982b) found that shading increased flower abscission in faba bean. This effect may 
partly explain the reduced yield and harvest index associated with excessive vegetative growth as 
lower parts of the canopy receive less light in such circumstances. Minguez et al. (1993) 
determined that harvest index diminished once an optimum leaf area duration (LAD) was 
exceeded, but did not find a significant reduction in yield due to excessive biomass or high LAD.  
While the above findings are not consistent they do suggest that high moisture supply in some 
circumstances can create excessive growth, reduced yield and lower harvest index in faba bean. 
Other grain legumes may also produce excessive biomass. Armstrong and Pate (1994b) found 
that the longer season, conventionally leaved field pea cultivar “Wirrega” produced excessively 
long stems which shaded earlier foliage under more favourable growing conditions. This was 
associated with reduced development of flowers into fruits and lower harvest index. Galwey et al. 
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(2003) identified that narrow leaf lupins were subject to competition between vegetative and 
reproductive growth leading to delayed pod filling that resulted in the plant being exposed to 
terminal drought and reduced yield.   In the case of lupins the fact that much of the assimilate 
used for seed filling comes from photosynthate produced after flowering (Pate et al., 1980)  
would appear to make the plant  more susceptible to yield loss from post flowering moisture 
stress. Galwey et al. (2003) used genetic material with reduced branching in lupin as a way of 
controlling the production of excess biomass, but commented on the need to maintain sufficient 
biomass for high yield. 
 Other impacts of excess moisture 
High moisture availability may result in a longer flowering period (Mohamad Zabawi and 
Dennett, 2010; Poulain et al., 1989). Smith (1982b) found that irrigated plants had a longer 
flowering period and delayed pod set compared to non-irrigated plants.   If flowering is delayed 
or extended in the Australian environment, temperatures may increase beyond the optimum for 
flower and pod development (section 2.1.4) resulting in a potential reduction in harvest index and 
yield. It is likely that the least favourable conditions for high yield and harvest index consist of 
high moisture availability prior to flowering followed by warm/hot and dry conditions after 
flowering.  
In the northern cropping zone of NSW rainfall is highly variable and the deep vertosols that 
predominate have high water holding capacity (Daniells et al., 2002). In addition, the cultivars 
used are indeterminate or semi determinate (Paull J pers comms) and may require a longer grain 
filling period in wet years. In some years conditions, may result in production of excess 
vegetative growth and consequently lower yield and harvest index due to mild moist conditions 
in winter followed by hot dry springs.  
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  Temperature 
 High temperature 
The influence of high temperature and moisture stress on faba bean and other legumes are often 
studied together as plant responses to high temperature are linked to plant water status 
(Summerfield et al., 1984). High temperatures affect a number of growth processes which may 
significantly reduce yield in legumes (McDonald and Paulsen, 1997). 
Faba bean is sensitive to heat stress during flowering and pod-filling. The optimum temperature 
for flowering is reported to be 22 – 23°C (Patrick and Stodddard, 2010).  El Nadi (1969) studied 
the influence of different moisture regimes on flower abortion and found that flower abortion was 
higher at a temperature of 29.5  °C compared to 18.3°C. Bishop et al. (2016)  found temperatures 
over 28°C caused significant yield loss. 
Chickpea is a widely grown pulse and is regarded as more tolerant of high temperatures than faba 
bean. Wang et al. (2006) applied day/night temperature treatments of 35/16°C (high) and 
28/16°C (moderate) and compared those to a control consisting of a 20/16°C regime for 10 days 
during  flowering and pod development separately.  Yield reduction was greater during pod 
development where the high temperature treatments reduced yields by 59 and 53%. Summerfield 
et al. (1984) found the yield penalty was proportional to the number of days of exposure from 
flowering to pod fill to a day/night temperature regime of 35/10°C.  Exposure for 30 days to 
these conditions reduced yield by approximately 50% compared to a regime of 30/10°C.    
Ridge and Pye (1985) found that a 1°C increase in average temperature during September at 
Horsham in Victoria, Australia reduced yield  of field  pea by 0.6 t/ha.  Sadras et al. (2012) in a 
study of data from regional variety trials found yield of field pea negatively correlated with 
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maximum temperatures over 25°C during the reproductive phase of growth.  Further Sadras et al. 
(2013) measured the influence of temperature stress on field pea genotypes by measuring   plant 
development in degree days (Cd). He found a strong downward trend in yield as average daily 
maximums increased from approximately 17 to 22°C during the developmental period from 
400°Cd prior to flowering to 200oCd after flowering.  
 Frost 
Frost is a major abiotic stress of faba bean production in Australia particularly in the flowering, 
early pod formation and pod-filling stages (Maqbool et al., 2010).  Relatively little research has 
been done on the effect of frost and low temperatures on the reproductive structures of faba bean 
in Europe as crops flower in autumn when frost is absent. However, the effect of low 
temperatures on vegetative growth has been widely studied and it has been concluded that 
resistance of northern European genotypes to frost as seedlings is not related to resistance to frost 
at flowering (Bond et al., 1994). Liu et al. (1987) stated that temperatures below 1°C were 
damaging to the reproductive structures of faba bean and that seven days with minimums 
below -2°C caused significant yield loss. In addition, large yield reductions occurred when low 
temperatures persisted for many days or if heavy frost occurred during pod development. The 
length of time for which low temperatures persisted was also found to be important. Young pods 
were found to be the most sensitive to low temperatures and the flowers were much hardier. 
Varieties with more flowers and longer duration of flowering were found to have a higher and 
more stable yield as flowers lost during cold periods were compensated for by later flower 
production. Loss and Siddique (1997a) found that faba bean was able to tolerate spring frosts 
down to -2.0oC.  Faba bean plants produce an excess of flowers and many are not retained even 
under ideal growing conditions (Patrick and Stodddard, 2010). This adaptation provides a 
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defence against biotic and abiotic stresses such as frost which may prevent flowers from forming 
pods. 
The susceptibility of chickpea to frost and low temperatures in the absence of frost (chilling) in 
the early reproductive stages is considered to be an issue in chickpea production internationally 
(Maqbool et al., 2010). Studies in field conditions and growth chambers have found temperatures 
below 15°C can cause floral abortion (Srinivasan et al., 1999). Clarke and Siddique (2004) found 
similar results with significant variation in threshold temperatures amongst genotypes, Australian 
varieties being more tolerant of chilling.  In field pea Ridge and Pye (1985) found that frost near 
flowering had a detrimental impact on yield. Shafiq et al. (2012) Stated that in Mediterranean 
environments of southern Australia radiant frost during the reproductive phase is a hazard. 
 Moisture stress in faba bean 
Strategies taken by plants to cope with drought fall into three broad categories: escape, avoidance 
and tolerance (Ludlow, 1987). Escape utilizes a shorter life cycle where reproduction is 
completed prior to onset of moisture stress. Avoidance includes strategies such as deeper root 
systems to access moisture. Plants displaying tolerance are able to function in the presence of 
moisture stress through techniques including osmotic adjustment. Often plants use a combination 
of these techniques. 
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Faba bean is sensitive to drought (Habib ur Rahman et al., 2007) and has little ability for osmotic 
adjustment (Amede et al., 1999). It  requires a large amount of moisture to maintain turgor in the 
fleshy stem and broad leaves (Bond et al., 1994).  Seitzer and Evans (1976) found that under dry 
conditions the yield stability of faba bean was less than that of wheat, and  Baldwin (1980) stated 
that faba bean was not well adapted to dry conditions. Siddique et al. (1993), however observed 
that in dry years faba bean produced yields similar to field pea. 
Differences in response to moisture stress have been found amongst faba bean lines (Habib ur 
Rahman et al., 2007). Amede et al. (1999) concluded that drought tolerant lines avoided drought 
through smaller plant size but also had lower yield potential. However, Khazaei et al. (2013) 
collected two sets of faba bean lines, one from geographic locations that would be expected to 
produce drought tolerant features and one from regions of higher rainfall. Those from the first set 
produced larger leaf area and 75% were of the major seed type with larger seed and therefore 
larger seedlings. It was concluded that larger seedlings and leaf area gave faster groundcover 
which reduced soil evaporation while producing larger root systems giving better soil exploration 
enabling tolerance to dry conditions. Such an adaptation allows a plant with little capacity for 
osmotic adjustment (Amede et al., 1999) to adapt to drought.  
Husain et al. (1990) found that faba bean exposed to drought displayed a reduced rate of height 
increase, decreased rate of leaf area expansion and produced leaves of slightly smaller area.  
Droughted plants displayed greatly increased root growth at depth during flowering compared to 
a well-watered treatment and overall had a higher density of roots. Grzesiak et al. (1997) also 
found evidence of differences in root morphology amongst faba bean genotypes which conferred 
drought tolerance. Grzesiak (1999) compared responses of drought tolerant and non-tolerant faba 
bean and field pea lines exposed to moisture stress for five or ten days by measuring CO2 
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assimilation, stomatal resistance, leaf water potential and transpiration. Similar responses were 
found in each genus. Drought tolerant lines showed a greater reduction in photosynthesis and 
CO2 assimilation than non-tolerant lines after 5 days of moisture stress, but after 10 days the 
drought sensitive lines showed the greatest reductions, indicating a greater initial response by 
drought tolerant lines followed by a recovery that was not seen in drought sensitive lines. After 
normal moisture conditions were restored the parameters measured returned to levels closer to 
control plants (not exposed to drought) in the drought tolerant compared to drought sensitive 
genotypes. 
 Critical periods of drought sensitivity 
Some authors have identified certain growth stages in faba bean as being more susceptible to 
drought such as early flowering (El Nadi, 1969) and early podding  (Mwanamwenge et al., 1999), 
but others did not find any such differences (Husain et al., 1988; Pilbeam et al., 1992).   Xia 
(1997) found podset to be the most sensitive period, although drought from first flower to full 
podset produced yield reductions. Husain et al. (1990) concluded that the ability of faba bean to 
increase root growth when under moisture stress during flowering/podfill indicated that this was 
not a period of increased drought sensitivity. This conflicting data would indicate that there is no 
period of heightened drought sensitivity. 
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 Moisture stress in other pulses 
Chickpea flowers later than other grain legumes (Siddique et al., 1999) and flowers are 
susceptible to frost and low temperatures (section 2.1.4.2) making drought avoidance difficult. 
Chickpea is regarded as more drought tolerant than other cool season grain legumes. Siddique et 
al. (2001) observed that chickpea had later senescence and extracted more moisture in favourable 
subsoils compared to other grain legumes.  Zhang et al. (2000) observed greater moisture 
extraction by chickpea compared to lentil. Chickpea has the ability to maintain cell turgor 
through osmoregulation (Morgan et al., 1991) and the ability to continue photosynthesis at low 
leaf water potential (Leport et al., 1999).  Leport et al. (1998) in a study of chickpea reported that 
these differences in water relations did not have a large impact on growth rate, but maintained 
sufficient energy supply to allow redistribution of assimilates from stem and leaf to pods thus 
allowing yield formation under moisture stress.  Together these differences allow chickpea to 
flower and pod more effectively than faba bean in hotter and drier conditions. 
Drought is considered an important constraint to field pea production in Australia (Ali et al., 
1994; Ridge and Pye, 1985), however it is considered more tolerant of water stress than faba bean 
(McDonald and Paulsen, 1997). Martin and Jamieson (1996) found that yield depression as a 
result of drought in field pea was not related to the timing of drought indicating that field pea 
may be similar to faba bean in this regard. As with faba bean, genetic differences in drought 
tolerance have been identified in field pea (Grzesiak et al., 1999) (section 2.1.5). Armstrong and 
Pate (1994a) found differences in the root biomass amongst field pea varieties influenced their 
ability to extract moisture in drier Mediterranean areas of Western Australia. 
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 Time of sowing 
For determinate crops, such as wheat, long season cultivars are recommended for early planting 
and short season cultivars for later planting (Matthews et al., 2015).  This results in flowering and 
grain filling occurring under favourable conditions after the cessation of frost and before the 
onset of hot weather (French and Schultz, 1982). However, for indeterminate crops including 
grain legumes the relationship is more complex as crops continue vegetative growth while 
reproduction is occurring.  In the case of faba bean determinate cultivars exist, however they 
have lower yields and smaller seed weight (Baginsky et al., 2013), and are not grown 
commercially in Australia. Whilst sowing time is still important (Loss and Siddique, 1997a), 
recommended sowing date for faba bean does not differ according to cultivars (Matthews et al., 
2015)  due to the limited range of maturities available in suitably adapted varieties. All of the 
eight varieties of chickpea recommended for northern NSW are classified as having medium or 
medium to late maturity and the three most adapted faba bean varieties have early maturity 
(Matthews et al., 2015).  As a result, time of sowing is the main method of managing frost, heat 
and late season moisture stress. 
Many researchers have shown yield decline with later sowing of faba bean (Husain et al., 1988; 
Kondra, 1975; Krarup, 1983; Pandey, 1981; Rajender and Singh, 1993; Saghin, 1998; Sekara et 
al., 2001). A significant departure from this consensus was Lee et al. (1984) who analysed 
historical data on spring sown faba bean crops at Rothamsted research station in England and 
found later sowing increased yield. The authors believed greater insect infestation on early sown 
crops may have been responsible.  
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Loss and Siddique (1997a) noted yield decline in faba bean with later sowing dates between 
13.5 – 56.0 kg/ha/day from early May to early June in South Australia. Final dry matter 
production decreased by up to 0.7 t/ha. Also in South Australia Adisarwanto and Knight (1997) 
found grain  yield reductions between 1 and 3 t/ha and dry matter yield reductions between 4 and 
7 t/ha as sowing was delayed from late April to late June. Baldwin (1980) observed yield 
decreases between 0.7 and 2.7 t/ha between mid May and August. Marcellos and Constable 
(1986) demonstrated that sowing faba bean after the end of April in northern NSW reduced yield 
by up to 1.5 t/ha and dry matter production by approximately 0.6 t/ha.  
The relationship in field pea is less clear, McMurray et al. (2011) found yield improvement with 
early sowing and McDonald and Peck (2009) identified a similar trend but only in the absence of 
foliar disease. O'Connor et al. (1993) found no clear relationship between time of sowing and 
yield. Heenan (1994) observed reduced yield with earlier sowing due to foliar disease and 
Armstrong et al. (1997) found sowing time effects confounded by disease. Moore et al. (1996) in 
northern NSW found yield reductions for planting dates either side of late May. Overall it is 
likely that in the absence of foliar disease field pea suffer yield decline with later sowing. 
In chickpea (Regan et al., 2006) in Western Australia found early May sowing nearly doubled 
yield compared to late June in the northern part of the grain belt where crops are exposed to 
terminal drought but found little difference in southern areas where season length was longer. 
Siddique and Sedgley (1986b) in southern Western Australia also found no benefit to early 
sowing due to abortion of early flowers in the mid May sowing treatment. In southern 
Queensland Horn et al. (1996) observed greater yield from sowing in late April to early June 
compared to July/ August. Research has identified a number of reasons for the higher yield 
associated with early sowing. 
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  Sowing time and the length of flowering and pod filling 
Early sowing may lengthen the time to first flower. Pandey (1981) in India found colder days 
lengthened time to flower in early sown crops and delayed sowing shortened the period to first 
flower.  McDonald et al. (1994) in South Australia studied a range of cultivars with a similar 
result. Adisarwanto and Knight (1997)  found no such relationship possibly because their work 
did not encompass a wide enough range of sowing dates.  As well as the greater length of time to 
flowering associated with early sowing several researchers (Marcellos and Constable, 1986),  
(Loss and Siddique, 1997a), (Adisarwanto and Knight, 1997) have noted that earlier sowing 
increased the length of the flowering and pod filling phase which contributed to higher yield 
through greater pod number and greater seed weight (section 2.1.6.6). 
 The influence of sowing time on biomass accumulation 
The importance of biomass accumulation has been demonstrated by Thomson and Siddique 
(1997) who found yield to be strongly correlated with early biomass production. Loss and 
Siddique (1997a) concluded that earlier sowing produced higher total biomass production and 
subsequent higher yield. Confalone et al. (2010) in the northern hemisphere found a similar 
relationship in faba bean although very early sowing, despite producing a large leaf area, did not 
produce the highest biomass because low temperatures inhibited vegetative growth.  
Similar responses have been found in other pulse crops. O'Connor et al. (1993) found a strong 
relationship between earlier sowing and increased biomass in field pea. Siddique et al. (1993) 
studied faba bean, chickpea, lentil, narrow leaf and albus lupin and found a strong relationship 
between yield and final biomass, and suggested choosing grain legume species based on dry 
matter production. 
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Whilst biomass accumulation in chickpea is important for yield, Leport et al. (1999) suggested 
that the ability to redistribute assimilates from stem and leaf to pods is also an important feature 
of adapted chickpea cultivars. Chickpea genotypes with the ability to redistribute assimilate 
stored during early biomass can utilize this for grain filling later in the season. 
 Timing and efficiency of water use 
In studies by Siddique et al. (2001) of chickpea, field pea, lupin, faba bean and other cool season 
grain legumes, it was found that in the earlier flowering species, faba bean and field pea, a greater 
proportion of total water use occurred after flowering and this assisted pod fill and increased 
harvest index. 
In a study of different faba bean genotypes Mwanamwenge et al. (1998) found that earlier 
flowering material escaped drought and used a greater proportion of water after flowering 
resulting in higher yield. Earlier flowering lines also experienced more flower shedding possibly, 
the author believed due to environmental stresses such as frost or low light, however, this did not 
reduce final yield. A number of other studies have reported escape from drought and high 
temperature in faba bean as a result of early flowering and podding, (Loss and Siddique, 1997a; 
Siddique et al., 1993; Thomson and Siddique, 1997). 
Siddique and Sedgley (1986a) found in a Mediterranean environment that total water use in 
chickpea was virtually unaffected by time of sowing, but later sowing resulted in higher 
evaporation from the soil surface that delayed development of leaf area index and dry matter 
accumulation until later in the season when transpiration efficiency was low. Early sowing 
resulted in higher plant transpiration, less soil evaporation, higher water use efficiency and 
greater yield. Early flowering, however, risks damage from radiant frost during flowering and 
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early pod formation. For chickpea optimum sowing time involves a compromise between frost 
risk associated with early sowing and poor water use efficiency associated with later sowing. 
 Sowing time, plant density and yield 
There may be an interaction between sowing time and plant density. Adisarwanto and Knight 
(1997) found that yield increased with higher sowing rates at later (late June) sowing dates, 
whereas yield decreased with higher plant densities at earlier (late April) sowing dates. However,   
Baldwin (1980) found no such relationship in a similar environment using  a range of later 
sowing dates (early June to late July), possibly due to the lateness of all sowing times. Ingram 
and Hebblethwaite (1976) compared autumn and spring sowing dates in the northern hemisphere 
and found that later spring sown faba bean did respond to increasing population whereas autumn 
sown faba bean did not. Given the importance of biomass production to the yield of faba bean, it 
is likely that higher sowing rates in late plantings enable faster accumulation of biomass to reach 
levels needed for maximum yield. 
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 Sowing time, plant density and pod distribution 
Sowing date and plant density influences the distribution of pods at various nodes. Adisarwanto 
and Knight (1997) working with 25 cm rows found that earlier sowing at low plant density 
resulted in greater number of pods on lower nodes. Fewer pods developed at higher nodes and the 
author believed this was due to the draw on resources of lower developing pods. At the same 
sowing date higher densities resulted in fewer pods on the lower nodes, the author believed this 
may have been a result of poor light and/or pollinator penetration of the canopy.  Under these 
circumstances more pods developed on higher nodes.  Pod distribution in later sowings showed 
no interaction with density. 
Marcellos and Constable (1986) working on 18 cm rows did not find an interaction between plant 
density and pod distribution but did find the height to lowest pod decreased with later sowing. A 
reduction in the nodal number of the first flower has been found with later sowing by Pandey 
(1981). 
 Sowing time and seed weight 
A number of researches have observed an influence of sowing time on seed weight. Adisarwanto 
and Knight (1997) found a reduction (particularly on the higher nodes) in seed weight in faba 
bean with later sowing. Pandey (1981) and Marcellos and Constable (1986)  also found a 
reduction in seed weight with later sowing. Tosun et al. (1984) observed lower seed weights with 
spring compared to autumn sown faba bean in the northern hemisphere. 
Little work has been completed on the influence of sowing date on seeds per pod, however Loss 
and Siddique (1997a) found that the number of seeds per pod was largely independent of sowing 
date. 
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 Source of assimilate for pod filling in faba bean 
Ishag (1973a) found that more pods were set than carried through to maturity and that the number 
of pods retained was controlled in part by the total leaf area at the stage at which pods started to 
develop, i. e. when pods start to develop there must be sufficient leaf area to provide assimilate 
for those pods. Further (Ishag, 1973b) found that yield at a node was correlated with leaf area at 
that same node. The author suggested that to a certain extent individual nodes operate 
independently to produce yield, although lower in the canopy where less light is received pods 
may be more dependent on assimilate translocated from vegetative tissue.  De Costa et al. (1997) 
also found evidence of translocation from vegetative plant parts under a variety of water regimes 
but concluded it was not a strategy to deal with post flowering moisture stress. Koscielniak et al. 
(1990) found that photosynthetic activity was higher in leaves nearest to pods supporting the 
theory that nodes operate with some independence. 
  Biomass production and partitioning 
When measuring crop performance researchers have found it useful to consider and compare 
both the biological and the economic yield. Biological yield is defined as the total amount of 
above ground plant material measured as dry matter per unit area and the economic yield as the 
weight of grain per unit area. The ratio of grain yield to total biological yield is known as harvest 
index. (Hay, 1995). 
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In water limited environments, it is common to consider grain yield as the product of biomass 
produced and harvest index (Loss and Siddique, 1994).  Biomass can be considered as the 
product of three components, the quantity of photosynthetically active radiation (PAR) per unit 
area reaching the ground, the proportion of PAR intercepted by the crop (PAR interception 
efficiency) and dry matter produced per unit PAR i. e PAR use efficiency or PUE (Confalone et 
al., 2010). 
A model used for formation of yield in indeterminate crops (Duncan et al., 1991) is: 
Y = C × Dr × P 
Where, Y = Yield 
 C = Mean crop growth rate 
 Dr = Duration of reproductive growth 
 P = mean fraction of crop growth rate portioned to Y 
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 Moisture supply and strategies for maximizing yield 
 Chickpea 
Williams and Saxena (1991) identified two strategies for high yield in chickpea. The first strategy 
involves establishment of a large crop for light interception and a large number of nodes for 
reproduction (high C) followed by the partitioning of most subsequent growth to seeds with a 
shorter duration of reproductive growth. This strategy was considered most appropriate to 
situations where total moisture was fixed and constant between years.  A second strategy 
involves earlier flowering followed by a longer reproductive period (high Dr) and continuation of 
vegetative growth after flowering associated with a lower p. The latter was considered most 
appropriate where moisture supply was renewed throughout the season. In northern NSW and 
southern Queensland, winter crops are often grown on stored soil moisture with variable rainfall 
during the growing season (Russell and Jones, 1996) meaning the crops are grown in uncertain 
moisture conditions. In such an environment neither of the above strategies will optimise crop 
performance in all years. 
 Field pea 
Within field pea both conventional and semi leafless types are grown. Semi leafless types in 
which leaflets are replaced with tendrils have a lower leaf area compared to conventional types. 
A comparison of the two has provided information on the relative importance of factors such as 
biomass accumulation, maturity and the efficiency with which carbon is partitioned into grain 
within one crop species. Alvino and Leone (1993) found that semi leafless field pea genotypes 
were better adapted to conditions of moisture stress compared to conventional leaf types as 
evidenced by lower water use, lower canopy temperatures and smaller reductions in dry matter 
accumulation and yield under conditions of moisture stress. 
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Harvey and Goodwin (1978), however, found that a semi leafless pea took longer to develop 
photosynthetic area and believed such a morphology would be a disadvantage in terms of light 
interception. This reduction in leaf area was associated with lower dry weight accumulation and 
seed yield in the semi leafless pea.  
Armstrong and Pate (1994a) compared conventional and semi leafless types, in which the leaflets 
are replaced by tendrils, and found that in a drier environment, semi leafless types were 
disadvantaged because of their insufficient green area and shallower root penetration. A similar 
study (Armstrong and Pate, 1994b) comparing field pea of different leaf morphology under 
different climatic conditions i. e., warmer/drier verse cooler/wetter found that in the longer 
season environments the excessive shading of the lower canopy in conventional leaf types 
reduced podding and yield. Semi leafless field pea does suffer some disadvantage as a result of 
lower biomass and leaf area but possibly this could be compensated for through higher sowing 
rate.  Differences between field pea types in rooting depth also confounded the issue. As with 
chickpea there is no clear strategy for higher yield.  
 Faba bean 
De Costa et al. (1997) found that under irrigation indeterminate faba bean required a longer post 
flowering period (higher Dr) to set high yield due to continued vegetative growth and delayed 
flowering and they had the flexibility to take advantage of extra moisture inputs during the 
season.  Under the same moisture conditions the yield of determinate varieties was related to 
canopy size at the end of flowering (shorter Dr). In Australia, indeterminate/semi determinate 
varieties are grown commercially and in seasons where wet conditions prevail after flowering, 
season length may be insufficient to set full yield due to the onset of high temperatures.  
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At Narrabri NSW the percentage of days with maximum over 30°C increases from 9% in 
September to 31% in October (Anonymous)(Meteorology)(Meteorology). 
Yield in faba bean is dependent on early biomass production (section 2.1.6.2) which suggests a 
strategy of high early growth followed by effective partitioning of most  post  flowering 
carbohydrate assimilation to yield components i. e. the first strategy outlined by Williams and 
Saxena (1991) for chick pea. The work of De Costa et al. (1997) indicated that this strategy was 
most useful for determinate types which have a limited length of flowering whereas 
indeterminate types must use a strategy of longer flowering period. This would suggest for 
determinate types early sowing would be more important as pre flowering biomass accumulation 
would prove critical, however, both determinate and indeterminate types yield best with early 
sowing (Pilbeam et al., 1990a) and there has not been an overall yield advantage associated with 
a determinate type even in cases where total moisture is fixed, (Pilbeam et al., 1990b; Stutzel and 
Aufhammer, 1992).  
Stutzel and Aufhammer (1992) found that crop growth rate during flowering was closely related 
to pod number and therefore yield formation in both determinate and indeterminate types operate 
in a similar manner.   
The significance of moisture supply is important when considering biomass production in faba 
bean particularly in dry climates.  In faba bean, total leaf area per stem is very sensitive to water 
stress (Karamanos and Gimenez, 1991), and total biomass production is  also highly sensitive to 
water supply and closely related to LAD, (De Costa et al., 1997). The high moisture holding 
capacity of soils in northern NSW is likely to provide some buffer against moisture stress during 
the vegetative stage. However, it is likely that in a variable climate, variations in moisture supply 
exert great influence on biomass accumulation, LAD, assimilate partitioning and yield formation. 
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3 Materials and Methods 
 Field sites 
In 2012 and 2013 trials were conducted to compare three different genotypes at three different 
sowing dates at two locations.  One of the sites was the University of Sydney’s I. A. Watson 
Grains Research Centre near Narrabri which is in the eastern half of the north west grain belt of 
New South Wales (30°16’S and149°48’E, elevation 212 m), 520 km northwest of Sydney.  
Narrabri has an average annual rainfall of 661 mm distributed throughout the year. The soil type 
was a grey self-mulching clay Vertosol (Isbell, 2002). Described by Northcote (1975) as a Grey 
Self-mulching Cracking Clay. This soil has a grey clay horizon that, based on the Munsell (2000)  
soil colour chart, has a hue redder than 2.5 YR ( i. e. part way between yellow and red) and 
value/chroma rating of 2 or 3). Principle profile form Ug (i. e. a cracking soil) 5.25 (passes to 
brown clay and country rock deeper than 1.5 m).   
The second site was at the Liverpool Plains Field Research Station near Breeza in the south east 
corner of the north west grain belt of New South Wales (31°10’E and 150° 25’S, elevation 285m) 
on a  black Vertosol (Isbell, 2002). Northcote (1975) described this soil as a Black Self-mulching 
Cracking Clay (dark clay horizon with a value/chroma rating of 1) principle profile form Ug 5.16 
(black in colour passing to grey clay and country rock deeper than 1.5 m).   
Breeza is located 400 km north west of Sydney and has an annual rainfall of 635 mm distributed 
throughout the year. This location included an irrigated and a non-irrigated treatment to find the 
effect of irrigation on grain yield and harvest index.  A single irrigation was given as flood along 
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furrows to refill the profile to field capacity. At Narrabri the trial was irrigated once using an 
overhead lateral move irrigator and did not include a non-irrigated treatment. 
 Site management 2012 
The Breeza site was fully cultivated (chisel plough and bed shaper), formed up into 1.8 m 
irrigation beds in February 2012 and pre-watered to field capacity with flood irrigation in early 
March 2012. Trials were sown during April and May (Table 3.1). On the 22nd June 2012 400 g/ha 
Aphidex® (500 g/kg Pirimicarb, Group 1A) was applied to control cowpea aphid 
(Aphis craccivora).  Dithane™ (750 g a.i./kg Mancozeb) was also applied at the rate of 1.5 kg/ha 
at this date in a tank mix with the Aphidex as a prophylactic measure to prevent foliar diseases, 
such as faba bean rust and chocolate spot. This application was made to all sowing dates 
irrespective of growth stage by boomspray.  No herbicides were applied and good weed control 
was achieved by hand chipping throughout the season.  One flood irrigation was applied through 
the furrows on the 7th of September at pod filling stage, refilling the soil profile to field capacity. 
At Narrabri a no till fallow was maintained on the site prior to sowing and trials were sown 
during April and May (Table 3.1). On the 26 June 1.5 kg/ha   Dithane™ was applied to all 
sowing dates irrespective of growth stage by boomspray to prevent the establishment of foliar 
diseases. Weed control was achieved by hand chipping throughout the season. 30 mm of water 
was applied by overhead lateral move irrigator on the 13th of September.  
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 Site management 2013 
In 2013 the trials were repeated at both sites in different paddocks of the same soil type.  At 
Breeza site preparation was the same as in 2012 (3.1.1). Unlike 2012, post-sowing/pre-emergence 
herbicide was applied at both locations in 2013.  At Breeza 70 g/ha of Spinnaker® (700 g a.i./kg 
Imazethapyr, Group B) was applied post-sow/pre-emergence by boomspray to control deadnettle 
(Lamium amplexicaule), stinging nettle (Urtica spp), prickly lettuce (Lactuca serriola) and milk 
thistle (Sonchus oleraceus).  On the 7th of August 1.5 kg/ha   Dithane™ was applied to all sowing 
dates irrespective of growth stage by boomspray to prevent the establishment of foliar disease. 
Furrow irrigation was applied on the 30th of August refilling the soil profile to field capacity. 
At Narrabri, 100 g/ha of Spinnaker® (700 g/kg Imazethapyr, Group B) and 1 kg/ha Terbyne® 
(750 g/kg Terbuthylazine, Group C) was applied post-sow/pre-emergence by boomspray to 
control wild turnip (Brassica tournefortii) and black bindweed (Fallopia convolvulus). On the 
15th of July 1 kg/ha Dithane™ was applied to all sowing dates irrespective of growth stage by 
boomspray and on the 20th of August 30mm of water was applied by overhead lateral move 
irrigator. 
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Table 3.1 Sowing dates for faba bean (Vicia faba) trials at Narrabri and Breeza in two 
years. 
Sowing date 
2012 2013 
Breeza Narrabri Breeza Narrabri 
I 12/04/12 13/04/12 19/04/13 17/04/13 
II 4/05/12 
 
2/05/12 14/05/13 3/05/13 
III 22/05/12 
 
21/05/12 7/06/13 30/05/13 
 
 Plant materials 
Three genotypes of faba bean were used for all experiments; Cairo, IX148f and Doza. Cairo was 
the first commercial variety for the northern grains region (central to northern NSW). It was 
released in 2003 and has some tolerance to faba bean rust. It has the latest maturity of the three 
genotypes. Doza was released in 2008 for the northern grains regions and is slightly earlier than 
Cairo with a moderate resistance to faba bean rust. It has a slightly smaller seed than Cairo with a 
light buff coloured seed (Matthews et al., 2015).  IX148f is a breeding line from the northern faba 
bean breeding program that has performed well in yield trials and has the shortest maturity of the 
three genotypes used.   
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 Experimental design 
 Breeza 
The experiment was laid out as a randomised complete block design with irrigation as a whole 
plot and sowing date as a subplot.   The experiment was sown in three different dates largely 
three weeks apart (Table 3.1). The whole experimental plot was blocked by sowing dates (Figure 
3.1 and Figure 3.2), hence there were three blocks with different sowing dates and four 
replications. Trials were established onto 1.8 m wide furrow irrigation beds and each plot was 
15 m long with 3 rows spaced at 60 cm, sowing was achieved with a 3-row cone seeder fitted 
with Janke® tynes. Plots were sown at 26 seeds per square metre, targeting 20 plants per square 
metre assuming 20 % germination losses and 10 % establishment losses with a sowing depth of 
50 – 60 mm into moist soil.  The seed source for Doza and Cairo was from harvested trial seed in 
2012, whereas it was from commercial seed lots in 2013. Seed of IX148f was sourced from 
harvested trial seed in both years. Seed was inoculated with group F, Rhizobium leguminosarum 
bv. viciae strain WSM 1455. Inoculation was achieved by suspending a mesh bag containing peat 
inoculant in a water tank and pumping the water/inoculant suspension into the furrow following 
seed placement. No mineral fertilizer was applied at either site in either year. Buffer plots of 
Doza the same size as treatment plots were planted on the outside of each sowing date block 
(Figure 3.1 and Figure 3.2).  
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Figure 3.1 Trial design Breeza 2012. 
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Figure 3.2 Trial design Breeza 2013. 
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 Narrabri 
A randomized complete block design was used with four replications without any irrigation 
treatments (Figure 3.3 and Figure 3.4). Plots were 12 m long and 4 m wide with 8 rows at 50 cm 
metre spacing and a 4-row cone seeder fitted with Janke® tynes was used for planting. Sowing 
rate and depth, seed source, fertilizer, inoculant type and inoculation technique were the same as 
for Breeza (3.3.1). Buffer plots of Cairo the same size as treatment plots were planted on the 
outside of each sowing date. 
 Temperature data 
Daily temperatures were taken throughout the growing season at each site in both years. Tinytag 
TGP-4017 Plus 2 temperature recorders were placed inside a Hastings Data Logger, DataMateTM 
Datalogger Weather Screens (a small plastic Stevenson type screen) and maintained at a height of 
50 cm in the plot in the south west corner of each sowing date at Narrabri in both 2012 and 2013.  
At Breeza in 2012 three temperature loggers were installed in the buffer row between blocks 
containing sowing dates I and III, II and I and III and II (Figure 3.1) In 2013 at Breeza loggers 
were installed in the central buffer row between blocks containing sowing dates II and I, I and III 
and III and II (Figure 3.2). Temperatures were recorded every 15 minutes at both sites in both 
years. 
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Figure 3.3  Trial design Narrabri 2012. 
 
Figure 3.4  Trial design Narrabri 2013. 
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 Dry matter production, pod location, grain yield and seed weight 
At both locations samples were taken for dry matter production at three growth stages – early 
flowering, early pod fill and physiological maturity.  
At Breeza where the use of irrigation beds limited plot width (there were only three rows), longer 
plots (15 m) were used providing sufficient material for dry matter cuts, single plant samples and 
machine harvest for grain yield. Dry matter production and individual plant samples were taken 
from the middle row and the maturity sample was threshed and the grain weight used in yield 
calculations. In addition, 0.6 m2 was deducted from the final plot area to account for the area lost 
to the first two dry matter cuts (flowering and early podding). 
 At Narrabri where plots were eight rows wide the last four rows of each plot were used for dry 
matter cuts and single plant samples. A one metre row was cut randomly at two places (avoiding 
areas close to plot ends) within each plot. Unlike Breeza these samples were not threshed and 
used as part of the yield calculation as they came from plot rows not used for grain harvest.  
All samples were dried at 70oC for 72 hours in fan forced ovens and then weighed.  Trials were 
harvested with a small plot harvester, the seed weighed and retained for seed weight 
measurement. After harvest the length of each harvested plot was recorded to calculate the total 
area harvested using the formulae; 
 
Harvested area (m2) =  plot length (m)   X plot width (m) 
38 
 
                 
At maturity 10 intact plants per plot were selected at random and removed from each plot at both 
locations. Plants were placed intact into polythene mesh bags and left to dry under cover.  The 
number of pods at each node on all stems was recorded. The samples from Breeza were threshed 
and the grain weight obtained used for yield calculations. 
Compressed air was used to remove trash and dirt from a subsample of harvested seed from each 
plot, 100 seeds from each cleaned sample were counted out and weighed to determine 100 seed 
weight.   
 
Yield was calculated using the following equation. 
 
      Final grain weight (kg) 
Yield t/ha = ------------------------------------   X 10 
       Final area (m2)   
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The yield and biomass data from the final biomass cut (physiological maturity) were used for 
calculation of harvest index using the formula. 
                                           grain yield (kg/ha)  
HI  = ------------------------------------------------------ 
                 biomass at physiological maturity (kg/ha) 
 
 Phenology  
Chronological data on the progression of flowering and podding were collected as follows. At the 
commencement of flowering, three random plants per plot were selected from the centre row at 
Breeza and the 6th row at Narrabri and marked with a plastic peg. The main stem from these 
plants was selected to record flowering and podding at individual nodes.  In order to identify 
nodal positions on the plant, a leaf subtending from each node was numbered with a permanent 
marker pen counting from the bottom up as plants grew.  The dates at which individual nodes 
opened flowers and produced pods were recorded.  Nodes with pods longer than 5 mm were 
recorded as having produced a pod. In some cases, the main stem ceased to grow due to frost or 
insect attack in which case a branch from the same plant was selected and the process continued. 
This procedure continued approximately twice a week until flowering ceased.  There are 3 – 5 
flowers in each node, therefore whether an individual flower on a given node developed into a 
pod could not be recorded due to time constraints.  Flowering and podding information was 
recorded only for the nodal position.  Thus, the number of pods produced on the individual nodes 
were not recorded.   
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 Analyses  
 Physical data 
The dry mater, grain yield, pod distribution and pod weight data were analysed using analysis of 
variance (ANOVA) in Genstat (16th edition). Genotype, sowing date, year and irrigation were 
considered fixed effects at Breeza and replicates within treatments and sowing dates were 
considered random effects. Least significant differences were used to separate means at P ≤ 0.05 
(Steel and Torrie, 1980). 
Both years’ dryland data from Breeza and both years’ data from Narrabri were combined into one 
data set and a Bartlett’s test for homogeneity of yield data was completed using Genstat 
(16th edition) with genotype for group. For the combined analysis across Breeza and Narrabri, 
year, site, genotype and sowing date were considered fixed effects and replicates within each 
sowing date at each site were considered random effects. Impact on dry matter production at 
early flowering, early podding, and maturity, yield, harvest index, proportion of pods below node 
six, proportion of pods from six to nine, proportion of pods from ten to thirteen and proportion of 
pods above node thirteen were determined.  
A subset of the physical data consisting of dry matter at all growth stages, yield, harvest index 
and seed weight for each of the three data sets was assembled and analysed for correlations 
between the variants using Genstat (16th edition). 
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 Flowering and podding data 
Flowering and podding data was tabulated on a spreadsheet with each row representing a flower 
node, additional columns contained corresponding site, year, replication, genotype, irrigation and 
sowing date information. Further columns contained the date of first flower on the node, 
production of a pod on the node (expressed as 0 or 1) and a number of temperature parameters 
based on the date of first flower. The temperature parameters used were –  
• The average daily temperature recoded in the seven days after flowering,  
• average daily temperature recorded in the ten days after flowering,  
• average of the maximum recorded on each of the seven days after flowering,  
• average of the maximum recorded on each of the ten days after flowering,  
• average of the minimums recorded on each of the seven days after flowering,  
• average of the minimum recorded on each of the ten days after flowering,  
• the average temperature on the day of flowering,  
Flowering and podding was analysed using the REML function of Genstat (16th edition). Year, 
irrigation and sowing date were considered fixed effects for each genotype and individual nodes 
on individual plants within replicates were considered random effects.  
The means for each of the temperature parameters above and the associated proportion of 
podding were obtained from the linear mixed model for each genotype x site combination. These 
points were graphed with error bars and a polynomial trendline fitted using Microsoft® Excel® 
2016. The equation for each trendline was used to predict podding proportion over a wide range 
of temperature values. From this the temperature giving maximum podset was obtained for each 
of the temperature parameters used.  
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 Average flower day  
In addition, the REML function of Genstat (16th edition) was used to complete an analysis on the 
average flower date and associated error and least significant difference terms for each genotype 
and sowing date at each site individually; this analysis was not done on the combined 
Breeza/Narrabri data set.  This was used as a measure of time to maturity for each genotype and 
sowing date. Year, irrigation and sowing date were considered fixed effects for each genotype 
and individual nodes on individual plants within replicates were considered random effects. 
 
  
43 
 
4 Results 
 General crop growth  
 2012 Season 
Emergence was good at both Narrabri and Breeza and sufficient nodulation occurred. The first 
sowing at both sites was completed in mid-April while air as well as soil temperatures were still 
high.   This resulted in rapid plant emergence and growth compared to the second and third 
planting date. However, plots in the first planting date at Breeza suffered damage to the growing 
point of some stems due to thrips (Thrips spp.). The main stem of some plants in the first sowing 
at both locations also suffered competition from secondary branches and in some cases ceased 
growth.  
The Narrabri site suffered wind and hail damage on the 23rd August and as a result the sowing 
date I treatments suffered significant lodging and the sowing date II treatments suffered 
approximately 50% stem breakage. Sowing date III treatment were largely unaffected as plants 
were still in the vegetative phase.    Spring rainfall was low at both sites (Figure 4.2). 
Rust, present at both sites towards pod filling stage was controlled with fungicide sprays. Weed 
germination was significant at both sites and was controlled through hand chipping. 
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Table 4.1 Summary of seasonal conditions (1st April to 31st October) rainfall (mm) and 
temperature (°C) in 2012. 
Site Rainfall (mm) 
No days with minimum 
temp < 0 
No days with maximum 
temp > 25 
Breeza 225 46 57 
Narrabri 237 14 63 
 
 
 
 
Figure 4.1  Seven day average temperatures at Gunnedah and Narrabri in 
2012. 
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Figure 4.2 Monthly rainfall at Gunnedah and Narrabri in 2012. 
 
 2013 Season 
Seed was sown into existing moisture at both sites and emergence was good at both sites except 
for sowing date III at Narrabri. Rainfall at Breeza was variable in 2013 but was low during early 
spring. (Figure 4.4). Sowing date III at Narrabri suffered from very poor emergence as a result of 
water logging caused by above average June rainfall and this had a significant impact on final 
yield.  Rainfall at Narrabri was low in late winter and early spring (Figure 4.4).  
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Table 4.2 Summary of seasonal conditions (1st April to 31st October) rainfall (mm) and 
temperature (°C) in 2013. 
Site Rainfall (mm) 
No days with minimum 
temp < 0 
No days with maximum 
temp > 25 
Breeza 191 29 80 
Narrabri 153 6 91 
 
 
 
Figure 4.3 Seven day average temperatures at Gunnedah and Narrabri in 
2013. 
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Figure 4.4  Monthly rainfall at Gunnedah and Narrabri in 2013. 
 
 Presentation of results 
The results for the combined data set (Breeza non-irrigated and Narrabri) are presented below 
(section 4.3). The irrigation treatments that were significant at Breeza are presented separately 
(section 4.4) as the Breeza experiment contained an extra treatment (irrigation). 
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 Breeza and Narrabri 2012-13 
The results from non-irrigated plots at Breeza and Narrabri were combined and analysed across 
two seasons (Appendix 8.1.1 – 8.1.10). Prior to combining the data the Bartlett’s test for 
homogeneity of yield data gave a probability of 0.864 indicating the data were homogenous and 
could be combined. Treatment and treatment interactions that had significant effects at P = 0.05 
are presented below as:   
• Management (sowing date),  
• Environment (year and location),  
• Genotype (variety).  
Note: Non-significant effects are not discussed. 
The results of the correlation analyses of dry matter, yield, harvest index and seed weight are also 
presented (section 4.3.11).  The results of the impact of sowing date and genotype on average 
flower day (Appendix 8.2) at each site are presented in the relevant section. 
Treatment effects apply to both years unless otherwise stated.  Main effects are presented first 
followed by their interactions.  
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 Management 
Table 4.3 Influence of sowing date on yield components of three genotypes over two years at 
Breeza and Narrabri. 
Sowing 
date 
Yield 
(t/ha) 
Harvest 
index 
Biomass (t/ha) Seed weight 
(g/100 seeds) 
Flowering Podding Final 
I 2.04c* 0.23c 3.20a 5.94a 9.08a 50.12a 
II 3.05a 0.44a 1.47b 4.60b 7.28b 49.44a 
III 2.22b 0.40b 1.24c 3.16c 5.54c 44.86b 
*Different letters within columns are significantly different at P = 0.05. 
 Sowing date, yield and harvest index 
Sowing date II gave higher yield and harvest index than III which produced higher than I, 
indicating that sowing date II optimized yield and harvest index (Table 4.3).  
 Sowing date and seed weight 
Sowing date I produced a seed weight similar to II with both being larger than III, indicating that 
late sowing reduced seed weight. 
 Sowing date on biomass production 
A clear response to sowing date occurred (Table 4.3). At all stages sowing date I produced more 
dry matter at flowering compared to II which produced more than III. These results reflect the 
longer vegetative phase for earlier sowing dates. 
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 Sowing date and nodal distribution of pods  
Sowing date had an impact on the nodal distribution of pods at all intervals.  The highest 
proportion of pods were produced between node 6 – 9 in sowing date II and III where as it was 
above node 13 at sowing date I. Consecutively later sowing date produced a greater proportion of 
pods below node 6, between node 6 and 9 and fewer pods between node 10 and 13 and above 
node 13 (Figure 4.5).  These results indicated that progressively later sowing moved pod 
distribution down the stem.  
 
 
Figure 4.5 Influence of sowing dates on distribution of pods (%) by nodal 
interval of three genotypes over two years at Breeza and Narrabri. 
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 Sowing date and average flower day 
Successively later sowing resulted in later average flower day at both sites (Table 4.4) although at 
Narrabri II and III were similar. Flowering time trend at each sowing date was similar at both 
sites.  
Table 4.4 Summary of average days to flower of three sowing dates over two years. 
Sowing date Breeza Narrabri 
I 105a* 97a 
II 90b 93b 
III 76c 94b 
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 Environment 
Table 4.5 Influence of year on yield components of three genotypes at Breeza and Narrabri. 
Year Yield (t/ha) 
Harvest 
index 
Biomass (t/ha) Seed weight 
(g/100 seeds) 
Flowering Podding Final 
2012 2.68a* 0.42a 1.45b 4.32b 6.54b 51.11a 
2013 2.20b 0.30b 2.49a 4.81a 8.06a 45.18b 
*Different letters within columns are significantly different at P = 0.05. 
 Year, yield and harvest index 
Yield, harvest index and seed weight were higher in 2012 than 2013. These results suggest that 
2012 was more favourable reflecting the higher growing season rainfall and lower temperature 
(section 4.1.1 and 4.1.2). 
 Year and dry matter production 
As expected the lowest biomass occurred at flowering and the highest at maturity. There was a 
strong response to year, 2013 produced greater dry matter at all growth stages than 2012 (Table 
4.5).  These results possibly reflect the warmer temperatures in 2013. 
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 Year and nodal distribution of pods  
Overall pod location was higher between nodes 6 – 9 followed by nodes 10 – 13, above node 13 
and the least below node 6. 2012 produced a greater proportion of pods below node 6 and above 
13 than 2013 and a smaller proportion at both intervals between nodes 6 and 13 (Figure 4.6). 
These results indicate that 2012 was more favourable to production of pods at the lower and 
higher nodes. Podset at higher nodes may be linked to greater rainfall and lower temperatures in 
2012 (section 4.1.1 and 4.1.2). 
 
 
Figure 4.6 Influence of year on distribution of pods (%) by nodal intervals on 
three genotypes over two years at Breeza and Narrabri. 
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 Location 
Table 4.6 Influence of location on yield components of three genotypes over two years at 
Breeza and Narrabri. 
Location Yield (t/ha) 
Harvest 
index 
Biomass (t/ha) 
Seed weight 
(g/100 seeds) 
Flowering Podding Maturity 
Breeza 2.72a* 0.39a 1.51b 3.67b 7.59a 46.40b 
Narrabri 2.15b 0.33b 2.43a 5.46a 7.01b 49.89a 
*Different letters within columns are significantly different at P = 0.05. 
 Location yield and harvest index. 
Breeza gave higher yield and harvest index than Narrabri (Table 4.6), possibly as a result of 
better soil, cooler climate and more rainfall (section 4.1.1 and 4.1.2).  
 Location and hundred seed weight 
Seed weight at Breeza was lower than Narrabri, an unexpected result given better growing 
conditions at Breeza (section 4.1.1 and 4.1.2). Possibly better growing conditions encouraged 
vegetative growth placing demand on photosynthetic products which reduced capacity to fill 
seed.  
 Location and dry matter production 
Narrabri produced more biomass at flowering and early podding than Breeza (Table 4.6). At 
maturity however, Breeza produced more than Narrabri. These results may reflect warmer 
55 
 
conditions at Narrabri increasing early growth but restricting biomass production towards the end 
of the season (section 4.1.1 and 4.1.2). 
 Location and nodal distribution of pods  
Overall pod location was highest between nodes 6 and 9 and between 10 and 13. Breeza 
produced a greater proportion of pods below node 10 than Narrabri and a smaller proportion 
above 10 (Figure 4.7), possibly plants at Breeza produced fewer nodes prior to flowering due to 
lower temperatures (section 4.1.1 and 4.1.2). This is supported by the fact that Narrabri produced 
significantly greater biomass at flowering than Breeza (section 4.3.3.3). 
 
 
Figure 4.7  Influence of location on distribution of pods (%) by nodal intervals 
of three genotypes over two years at Breeza and Narrabri. 
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 Genotype 
Table 4.7 Influence of genotype on yield components over two years at Breeza and 
Narrabri. 
Genotype Yield (t/ha) Harvest index 
Biomass 
(t/ha) 
Flowering 
 
Seed weight 
(g/100 seeds) 
X148f 2.66 a* 0.39a 1.97ab 51.27a 
Doza 2.35b 0.35b 1.81b 44.95c 
Cairo 2.31b 0.33b 2.13a 48.21b 
*Different letters within columns are significantly different at P = 0.05.  
 Genotype, yield and harvest index 
IX148f gave the highest yield and harvest index being higher than Cairo and Doza (Table 4.7) the 
latter two being similar. These results indicate that IX148f was the best adapted genotype for 
northern NSW. 
 Genotype and hundred seed weight 
IX148f produced larger seed than Cairo which was larger than Doza reflecting genetic 
differences in seed weight. 
 Genotype and dry matter production 
Cairo produced similar biomass to IX148f at flowering but significantly more than Doza (Table 
4.7). The greater biomass production of Cairo may be related to its longer maturity. At other 
growth stages biomass production was similar amongst varieties. 
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 Genotype and nodal distribution of pods  
Overall pod location was higher in the intervals 6 – 9 and 10 – 13 in all genotypes. IX148 
produced a greater proportion of pods below node 6 than Doza and Cairo which produced similar 
(Figure 4.8).  This may reflect the shorter maturity of IX148f. Doza produced fewer pods 
between nodes 6 and 9 compared to IX148f and Cairo which produced similar (Figure 4.8).  
Doza produced more pods between nodes 10 and 13 than IX148f and a similar amount to Cairo, 
Doza also produced more pods above node 13 compared to IX148f and Cairo which produced 
similar. These results indicate that Doza produces pods at higher nodes.  
 
 
 
Figure 4.8 Distribution of pods (%) by nodal intervals over two years at Breeza and 
Narrabri. 
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 Sowing date and average flower day 
At both Breeza and Narrabri IX148f was the quickest to flower followed by Doza followed by 
Cario (Table 4.8) reflecting differences in maturity between varieties. 
Table 4.8 Summary of average flower day for three varieties over two years.  
Genotype Breeza Narrabri 
IX148f 96c* 92c 
Doza 99b 94b 
Cairo 102a 100a 
*Different letters within columns are significantly different at P = 0.05. 
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 Treatment interactions - yield and harvest index 
 Yield location and sowing date 
Sowing date II gave higher yield than I and III at both sites. Sowing dates I and III achieved 
similar yields at Narrabri whereas at Breeza sowing date III gave higher yield than I (Figure 4.9).  
This may be a result of a longer season at Breeza enabling sowing date III to set more pods 
(section 4.1.1 and 4.1.2). Poorer performance of sowing date III at Narrabri may be a result of 
terminal stress (Figure 4.1 and Figure 4.3) reducing the capacity of late sowings to set yield.  
 
 
Figure 4.9 Effect of sowing dates on yield of three genotypes over two years at 
Breeza and Narrabri. 
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 Harvest index location and sowing date 
Harvest index was higher at sowing date II and III than I. Harvest index at both sites was similar 
at sowing date I, however, Breeza was higher at II and III possibly reflecting less terminal stress 
at Breeza (Figure 4.10). 
 
 
Figure 4.10 Effect of sowing dates on harvest index of three genotypes over two years at 
Breeza and Narrabri. 
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 Location and year 
Breeza in 2012 gave higher yield and harvest index compared to all other location/year 
combinations (Table 4.9) reflecting the cooler and wetter 2012 season (section 4.1.1 and 4.1.2) 
and overall greater yield at Breeza (section 4.3.3.1). In 2013 harvest indices was similar at both 
sites. 
Table 4.9 Effect of location and year on yield (t/ha) and harvest index of three genotypes at 
Breeza and Narrabri. 
Location 2012 2013 
 Yield Harvest Index Yield Harvest Index 
Breeza 3.17a* 0.48a 2.28b 0.30c 
Narrabri 2.19b 0.37b 2.12b 0.29c 
*Numbers indicated by different letters are significantly different at P = 0.05 
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 Sowing date and year 
The interaction of sowing date x year showed that in 2012 sowing date II produced higher yield 
and harvest index than III which was higher than I (Figure 4.11). In 2013 sowing date I and II 
achieved similar yield, both higher than III.  The poorer performance of sowing date III in 2013 
may reflect lower rainfall and higher temperatures limiting grain fill (section 4.1.1 and 4.1.2) and 
slightly later sowing dates. For harvest index in 2013 sowing date II and III achieved similar, 
both higher than I. 
 
 
Figure 4.11 Effect of sowing dates on yield and harvest index of three 
genotypes over two years at Breeza and Narrabri. 
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 Genotype and year 
The genotype x year interaction showed that IX148f gave higher or similar yield than other 
genotypes in both years indicating its suitability to northern NSW (Figure 4.12). All genotypes 
produced higher yield in 2012 as a result of a more favourable season.  
 
 
Figure 4.12 Effect of genotypes on yield over two years at Breeza and 
Narrabri. 
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 Genotype, sowing date and year 
2012 produced higher harvest index than 2013 for all genotypes at sowing dates II and III (Figure 
4.13) and the lowest harvest index was found to be sowing date I in in IX148f and Doza which 
reflected the higher biomass production at this sowing date. At sowing date I there were no 
differences in harvest index between genotypes or years, indicating all genotypes performed 
equally poorly at this date. At sowing date II in 2012 IX148f produced greater than Cairo 
whereas in 2013 all genotypes were similar. At sowing date III in 2012 IX148f produced greater 
than Doza whereas in 2013 IX148f and Doza produced similar. These results indicate that IX148f 
performs as well as or better than other genotypes at a range of sowing dates and seasons. 
 
 
Figure 4.13 Influence of genotypes and sowing dates on harvest index at 
Breeza and Narrabri. 
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 Treatment interactions and seed weight 
 Location and sowing date 
Differences in seed weight at Breeza were less (3.13 g/100 seeds) than Narrabri (8.51 g/100 
seeds).  Narrabri produced larger seed at sow date I and II than Breeza but was similar at III 
(Figure 4.14). Terminal stress possibly reduced seed weight at sowing date III in Narrabri. 
 At Narrabri consecutively later sowing dates gave smaller seed. Warmer drier conditions at 
Narrabri (section 4.1.1 and 4.1.2) may have resulted in a reduced capacity to fill seeds with later 
sowing. 
 
 
Figure 4.14 Effect of locations and sowing dates on seed weight of three 
genotypes at Breeza and Narrabri over two years. 
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 Genotype and year 
The interaction of genotype x year showed that seed weight in Cairo and Doza was higher in 
2012 than 2013, whilst IX148f was similar in both years indicating that IX148f was stable across 
seasons (Figure 4.15). The stability in seed weight of IX148f may reflect genetic factors or 
shorter maturity. 
 
 
Figure 4.15 Effect of genotypes on seed weight at Breeza and Narrabri. 
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 Location, sowing date and year 
Overall, Narrabri produced larger seed. Within sites seed weight in 2012 was higher at every 
sowing date than at the corresponding date in 2013 except for sowing date III at Narrabri which 
was similar (Figure 4.16). This result reflected more favourable growing conditions in 2012 
(section 4.1.1 and 4.1.2).   
In both years at Narrabri and 2013 at Breeza, sowing date III produced smaller seed than I and II 
suggesting that sowing date III reduced seed weight. In 2012 all sowing dates at Breeza produced 
similar. This may be a result of favourable conditions at Breeza and in 2012 overall (section 4.1.1 
and 4.1.2) allowing late sowing to fill seeds. 
 
 
Figure 4.16 Effect of locations and sowing dates and year on seed weight of 
three genotypes at Breeza and Narrabri. 
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 Treatment interactions and biomass production at flowering 
 Location and year 
At early flowering the location x year interaction revealed similar biomass production at Breeza 
in 2012 and 2013, but significantly greater (more than twice) biomass production at Narrabri in 
2013 compared to 2012 (Table 4.10), indicating that the greater overall biomass production in 
2013 (section 4.3.2.2) was due entirely to the Narrabri site. Higher biomass at Narrabri in 2013 
may have been due to higher temperature in 2013 (section 4.1.1 and 4.1.2).  
 
Table 4.10 Dry matter production (t/ha) at flowering of three genotypes at 
Breeza and Narrabri. 
Location 2012 2013  
Breeza 1.60b* 1.42bc 
Narrabri 1.30c 3.56a 
*Numbers indicated by different letters are significantly different at P = 0.05. 
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 Genotype and location 
Narrabri produced more biomass than Breeza across all genotypes. At Breeza all genotypes 
produced similar biomass, however at Narrabri Cairo produced more biomass than others (Figure 
4.17) suggesting that Cairo responded differently to the environment at Narrabri.  
  
 
Figure 4.17  Effect of genotypes on dry matter production at flowering over 
two years at Breeza and Narrabri. 
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 Genotype and sowing date 
All genotypes produced significantly more biomass at sowing date I compared to other sowing 
dates (Figure 4.18).   At sowing date I Cairo and IX148f produced similar dry matter, 
significantly more than Doza.  At sowing date II Cairo produced more than IX148f and Doza 
which produced similar and at sowing date III all genotypes produced similar. 
The biomass of Cairo declined with each sowing date whereas other genotypes declined only 
between I and II and were similar for II and III. This indicated that Cairo underwent a continual   
decline with later sowing possibly due to later maturity. 
 
  
Figure 4.18 Effect of sowing dates and genotypes on dry matter production at 
flowering over two years at Breeza and Narrabri. 
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 Genotype and year 
All genotypes produced more biomass in 2013 than 2012, possibly due to higher temperatures in 
2013 (section 4.1.1 and 4.1.2). In 2012 all genotypes produced similar biomass however, in 2013 
Doza produced less than the other two suggesting it reacted differently to the 2013 season (Figure 
4.19). 
 
 
Figure 4.19 Effect of genotypes on dry matter production at flowering at 
Breeza and Narrabri. 
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 Location and sowing date 
Narrabri produced more than twice the biomass of Breeza at sowing date I, significantly higher at 
sowing date II and similar at sowing date III (Figure 4.20). At Breeza biomass was lower at 
sowing date II compared to I and similar at II and III, while at Narrabri biomass declined at each 
successively later sowing date. 
 
 
Figure 4.20 Effect of sowing dates and location on dry matter production at 
flowering of three genotypes at Breeza and Narrabri. 
 
 
 
 
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
I II III
D
ry
 m
at
te
r a
t f
lo
w
er
in
g 
t/h
a
Sowing date
Breeza
Narrabri
73 
 
 Sowing date and year 
For each sowing date, significantly more biomass was produced in 2013 compared to 2012 
(Figure 4.21), mostly due to the Narrabri site which produced much more in 2013 
(section 4.3.7.1). 
 
 
Figure 4.21 Effect of sowing dates and year on dry matter production at 
flowering of three genotypes at Breeza and Narrabri. 
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 Genotype, sowing date and year 
Within a given year IX148f and Doza produced significantly more biomass at sowing Date I 
compared to II and III (Figure 4.22) but a similar biomass at sowing date II and III. For Cairo, 
biomass decreased at each later sowing in both years although not  between I and II in 2012. This 
indicated that a more gradual decline in biomass production with later sowing occurred in Cairo.   
Biomass production within a sowing date for each genotype was higher in 2013 compared to 
2012 except for Cairo and Doza at sowing date II and III where similar biomass was produced. 
 
 
Figure 4.22 Effect of genotypes, sowing dates and year on dry matter 
production at flowering at Breeza and Narrabri. 
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 Genotype, location and sowing date 
Overall, sowing date I produced higher biomass than II and III. Within sites, all genotypes 
produced similar biomass at sowing date II and III except for Cairo at Narrabri which produced 
greater at sowing date II than III (Figure 4.23). Similar biomass production at sowing II and III 
suggests that biomass production was less responsive to later sowing dates.  Cairo produced more 
biomass at sowing date II at Narrabri than other genotypes at either site at II and III, possibly due 
to its longer maturity. In addition, biomass was significantly greater at Narrabri than Breeza on 
sowing date I for all genotypes as a result of very large biomass production at sowing date I in 
2013 (Figure 4.21). 
 
 
 
Figure 4.23 Effects of genotypes and sowing dates on dry matter production at 
flowering over two years at Breeza and Narrabri. 
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 Location, sowing date and year 
Biomass production at Breeza in 2012 was equal to or higher than for the same sowing date at 
Narrabri, whereas in 2013 biomass production was higher (particularly sowing date I) at Narrabri 
for each date (Figure 4.24). The greater production at Narrabri may reflect the high rainfall at 
Narrabri in March 2013 and warmer temperatures in 2013 (section 4.1.1 and 4.1.2).  
 
 
Figure 4.24 Effect of sowing dates and year on dry matter production at 
flowering at Breeza and Narrabri. 
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 Treatment interactions and dry matter production at early podding  
 Location and sowing date 
The interaction of location x sowing date reflected the location results (above) with Narrabri 
producing more biomass at each sowing date compared to Breeza, possibly reflecting the higher 
temperatures at Narrabri (section 4.1.1 and 4.1.2). At each site, progressively later sowing dates 
resulted in significantly lower biomass (Figure 4.25).  
 
 
Figure 4.25 Effects of sowing dates on dry matter production at early podding 
of three genotypes at Breeza and Narrabri over two years. 
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 Treatment interactions and dry matter production at maturity 
 Sowing date and year 
Dry matter was higher in 2013 than 2012 at sowing date I and II and less at III possibly reflecting 
greater terminal stress in 2013 reducing late season growth. In 2012 all sowing dates produced 
similar while in 2013 later sowing produced progressively lower biomass (Figure 4.26). 
 
 
Figure 4.26 Effects of sowing dates and year on dry matter production (t/ha) at 
maturity of three genotypes at Breeza and Narrabri. 
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 Location and sowing date 
For sowing date I, Breeza produced higher biomass than Narrabri, however at sowing date II and 
III both sites produced similar (Figure 4.27). This indicated that higher final biomass production 
at Breeza compared to Narrabri (section 4.3.3.3) can be attributed solely to sowing date I.  
 
 
Figure 4.27  Effect of sowing dates and location on dry matter production at 
maturity of three genotypes over two years. 
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 Location, sowing date and year 
In 2012 all sowing dates at Narrabri produced similar biomass and at Breeza sowing dates I and 
II produced similar, being higher than sowing date III. Within sites during 2013 progressively 
later sowing gave lower biomass (Figure 4.28).  This is possibly due to lower growing season 
rainfall and higher temperatures in 2013 (section 4.1.1 and 4.1.2).  
 
 
Figure 4.28 Effect of locations, year and sowing dates on biomass at maturity 
at Breeza and Narrabri. 
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 Treatment interactions and nodal distribution of pods 
Eight out of ten treatment interactions had a significant or highly significant effect on pod 
distribution on at least one nodal interval (Table 4.11). Further descriptions of these interactions 
are given in sections 4.3.10.1 to 4.3.10.8. 
Table 4.11 Summary of levels of significance (%) for treatment interactions influencing pod 
distribution in three genotypes over two years at Breeza and Narrabri. 
Treatment interaction 
Nodal interval on plant 
< 6 6 − 9 10 − 13 > 13 
Genotype x Sowing Date NS * ** NS 
Location x Sowing Date ** NS ** ** 
Genotype x Year * NS NS ** 
Location x Year ** ** ** ** 
Sowing Date x Year ** * NS ** 
Genotype x Location x Sowing Date * NS NS NS 
Genotype x Sowing Date x Year NS NS NS ** 
Location x Sowing Date x Year ** NS NS ** 
**significant P = 0.01, * significant P = 0.05, NS refers to non-significant, treatment interactions 
not listed are non-significant. 
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 Genotype and sowing date  
Overall nodes 6 – 9 were the most productive in sowing dates II to III and higher nodes were 
more productive in I. Cairo and IX148f produced significantly fewer pods from nodes 6 − 9 at 
sowing date I than at II and III and similar amounts at II and III, whereas Doza produced 
progressively more at each later date. (Figure 4.29). This may reflect early sowing dates taking 
longer to flower, i. e. greater nodal development prior to flowering or loss of lower pods to frost.  
In Cairo the number of pods between node 10  −  13 fell with each later sowing date, while in 
IX148f there was a reduction between I and II and no change between II and III. In Doza the 
proportions were similar between I and II both being greater than III. Overall these trends may be 
due to later sowing dates having had insufficient time to fill pods at these higher nodes.  
 
 
Figure 4.29 Effects of genotypes and sowing dates on distribution of pods (%) 
by nodal intervals over two years at Breeza and Narrabri. 
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 Location and sowing date 
Overall Narrabri produced a higher quantity of pods from node 10 upwards and Breeza a greater 
quantity below node 6 (Figure 4.30). This may reflect greater production of nodes at Narrabri 
resulting in podset at higher nodes. 
The proportion of pods below node 6 at Breeza was higher than or equal to Narrabri for sowing 
dates I and II but similar at sowing date III.   For pods from nodes 10 – 13 Narrabri produced a 
greater proportion at sowing dates II and III compared to Breeza and similar at I. For pods above 
node 13 Narrabri produced greater at sowing date I and II compared to the corresponding sowing 
date at Breeza, but a similar proportion at III.    
 
 
Figure 4.30 Effect of locations and sowing dates on distribution of pods (%) 
for three genotypes at Breeza and Narrabri over two years. 
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 Genotype and year 
Most pods were produced in the 6  − 9 and 10 − 13 intervals. Cairo and IX148f produced similar 
proportions of pods below node 6 in both years whereas Doza produced significantly more in 
2012 than 2013 (Figure 4.31). In contrast Cairo and IX148f produced significantly higher 
proportions of pods above node 13 in 2012 whereas Doza produced similar in both years. 
This indicates that the 2012 season favoured the production of pods below node 6 in Doza and 
above node 13 in Cairo and IX148f. This may reflect genotype differences.  
 
 
Figure 4.31 Effect of genotypes and year on pod distribution (%) at Breeza 
and Narrabri. 
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 Location and year 
At Breeza pod distribution was similar in 2012 and 2013 at each nodal position (Figure 4.32).  At 
Narrabri however, the proportion below node 6 and above node 13 was significantly higher in 
2012 and the proportion between node 6 and 13 was significantly lower indicating that the 2012 
season at Narrabri favoured pod production at the plant extremities.  
 
 
Figure 4.32 Effect of locations and year on pod distribution (%) of three 
genotypes at Breeza and Narrabri. 
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 Sowing date and year 
Again the most productive node intervals were 6 – 9 and 10 – 13. Within sowing dates I and II 
the proportion of pods below node 6 was similar in both years, the proportion from 6 – 9 
significantly higher in 2013 and the proportion above node 13 significantly lower (Figure 4.33). 
This data suggests that in 2013 sowing dates I and II had a tendency to produce more pods in the 
central part of the plant i. e. nodes 6 − 9. Hotter drier condition in 2013 (section 4.1.1 and 4.1.2) 
may have reduced pod set at higher nodes. 
Sowing date III produced a significantly smaller proportion below node 6 in 2013 and similar 
portions of pods at other intervals indicating that sowing date III responded differently to the 
2013 season than did I and II. Possibly the very late sowing resulted in insufficient time for 
seasonal differences to develop.  
 
87 
 
 
Figure 4.33 Effect of sowing dates and year on distribution of pods (%) in 
three genotypes at Breeza and Narrabri. 
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 Genotype, location and sowing date 
This interaction was significant only for pods below node 6. Over all, sowing date III produced 
the highest and sowing date I was the lowest (Figure 4.34). Sowing date II and III were 
responsible for most pod production below node 6, sowing date I producing few pods below 6 
making differences unlikely although IX148f produced significantly more at Breeza compared to 
Narrabri.  
Sowing date III may have had insufficient time to generate location differences at this interval in 
Doza and IX148f due to their quicker maturity whilst the longer maturity of Cairo may have 
resulted in a greater proportion below node 6 at Narrabri.  
 
Figure 4.34 Effect of genotypes, location and sowing dates on proportion of 
pods (%) below node 6 at Breeza and Narrabri over two years. 
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 Genotype, sowing date and year  
This interaction was significant only for pods above node 13 and as expected most production 
above node 13 occurred at earlier sowing dates. All genotypes produced significantly more pods 
above node 13 at sowing date I compared to sowing date III, except for Doza in 2013 which 
produced similar at all sowing dates (Figure 4.35). Doza showed less variation in pod production 
above 13 across seasons and this reflected results from the genotype x year interaction 
(section 4.3.10.3).  
 
 
Figure 4.35 Effect of genotypes, sowing dates and year on proportion of pods 
(%) above node 13 at Breeza and Narrabri over two years. 
 
 
 
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
2012 2013 2012 2013 2012 2013
Cairo IX148f Doza
Pr
op
or
tio
n 
of
 p
od
s
Year and sowing date
Sowing date I
Sowing date II
Sowing date III
90 
 
 Location, sowing date and year 
This interaction was significant only for nodes below 6 and above 13. Within individual sites and 
sowing date combinations the proportion of pods below node 6 was similar between years except 
for sowing date III at Narrabri where fewer pods were produced in 2013 (Table 4.12). 
For pods above node 13 the overall year data (section 4.3.2.3) showed proportions were higher in 
2012. The interaction of location x year x sowing date (Table 4.12) showed this occurred mostly 
at Narrabri where sowing date I and II produced more pods above node 13 in 2012 and sowing 
date III produced similarly very few. At Breeza only sowing date III produced more in 2012, the 
other dates producing similar or fewer.  Possibly the warmer drier 2013 (section 4.1.1 and 4.1.2) 
curtailed pod formation at all sowing dates at Narrabri whereas at the more favourable Breeza 
site sowing date I was able to produce more pods above node 13 prior to terminal drought and 
heat.  
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Table 4.12 Effect of location, sowing date and year on pod distribution (%) of three 
genotypes at Breeza and Narrabri over two years. 
Location Year Sowing date 
Nodal position 
< 6 > 13 
Breeza 2012 I 0.06d* 0.28f 
  II 0.15c 0.08de 
  III 0.20b 0.03f 
 2013 I 0.05de 0.30c 
   II 0.16c 0.06def 
  III 0.21b 0.02g 
Narrabri 2012 I 0.01f 0.56a 
  II 0.07d 0.26c 
  III 0.28a 0.06def 
 2013 I 0.02ef 0.40b 
  II 0.06d 0.10d 
  III 0.16c 0.04ef 
*Different letters within columns are significantly different at P = 0.05. 
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 Correlations 
Unexpectedly yield was not correlated with any other factor (Table 4.13). Harvest index was 
negatively correlated with dry matter at all stages. Seed weight was positively correlated to dry 
matter at podding. Dry matter at all stages was positively correlated to dry matter at all other 
stages. 
Table 4.13  Correlation between dry matter (t/ha), yield (t/ha), harvest index and seed 
weight (g/100 seeds) for three genotypes over two years at Breeza and Narrabri. 
Dry matter flowering 1       
Dry matter podding 2 0.57** -         
Dry Matter maturity 3 0.43** 0.45** -       
Yield 4 -0.07 -0.26 0.17 -     
HI 5 -0.33** -0.49** -0.50** 0.73 -   
Seed weight 6 0.14 0.39* 0.10 0.19 0.05 - 
  1 2 3 4 5 6 
** significant at P = 0.01, * significant at P = 0.05, others are non-significant.  
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 Breeza 2012-2013 
Breeza had irrigation treatment, therefore data from irrigated and rainfed conditions over two 
years were combined and analysed (Appendix 8.1.11 − 8.1.18). Treatment and treatment 
interactions that had significant effects at P = 0.05 are presented below.  
Table 4.14 Influence of irrigation (IR) on yield components of three genotypes over two 
years at Breeza. 
Irrigation Yield (t/ha) Harvest index 
 
Final 
biomass 
(t/ha) 
 
Seed weight 
(g/100 seeds) 
IR 2.79a 0.36b 8.32b 41.54b 
NI 2.72a 0.39a 7.39a 46.4a 
*Different letters within columns are significantly different at P = 0.05. 
 Irrigation – impact on yield, harvest index, biomass and seed weight 
 Non-irrigated treatments produced similar yield and higher harvest index (Table 4.14) compared 
to irrigated. Irrigation significantly increased dry matter at maturity without increasing yield and 
as a result harvest index was lower as was seed weight. Biomass at flowering and podding were 
similar. Thus, irrigation did not improve either yield or harvest index at Breeza. The only other 
impact of irrigation was fewer pods (0.43) from nodes 6 to 9 compared to the non-irrigated 
materials (0.46).  
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 Treatment interactions, yield and harvest index 
 Irrigation and year  
Irrigation produced greater yields in 2012, however in 2013 yields were non-significantly 
different from rainfed conditions (Figure 4.36).  This was an unexpected result given the lower 
rainfall in 2013. A greater number of days with maximum temperatures over 250C 
(section 4.1.1 and 4.1.2) may have limited flowering thus reducing pod number in late spring 
2013. These results suggest that the benefit of irrigation is limited and dependent upon seasonal 
conditions. 
 
 
Figure 4.36 The effect of irrigation on yield of three genotypes at Breeza over 
two years. 
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 Treatment interactions and seed weight 
 Irrigation and year  
Irrigation produced lower seed weight in both years, the difference being larger (7.68 g/100 
seeds) in 2013 than 2012 (2.03 g/100 seeds) (Figure 4.37) an unexpected result as 2013 was a 
less favourable season and irrigation would have been expected to be beneficial. The negative 
impact of irrigation reflects the main treatment effect of irrigation (4.4.1.1).  
 
 
 
Figure 4.37 Effect of irrigation on seed weight of three genotypes over two 
years at Breeza. 
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 Treatment interactions and nodal distribution of pods 
 Irrigation and sowing date 
Most pods were located at the nodal intervals 6 − 9 and 10 − 13. Sowing date III 
non-irrigated treatments had more pods between nodes 6 and 9 than sowing the date III 
irrigated treatments (Figure 4.38).  Sowing date II and III irrigated treatments had more 
pods above node 13 than the corresponding non-irrigated sowing dates (Figure 4.39). 
Greater plant growth under irrigation may have created shading of lower nodes which 
inhibited podset and development. Additional moisture from irrigation may also have 
assisted pod fill at higher nodes. 
 
 
 
Figure 4.38 Effects of irrigation and sowing dates on distribution (%) of pods 
on lower nodes for three genotypes over two years at Breeza. 
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Figure 4.39 Effects of irrigation and sowing dates on distribution (%) of pods 
on upper nodes for three genotypes over two years at Breeza. 
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 Genotype, irrigation and sowing date 
Sowing date, irrigation and year was only significant for pods below node 6. Sowing 
date III had more pods below node 6 followed by II followed by I. Irrigation affected 
pods below 6 for Cairo and Doza but not IX148f (Figure 4.40) possibly reflecting short 
maturity. For Cairo sowing date I produced more pods below node 6 under irrigation 
than non-irrigation whilst other sowing dates produced similar. For Doza sowing date 
III produced significantly more pods at this interval in the non-irrigated treatment. 
 
 
Figure 4.40 The effects of genotypes, irrigation and sowing dates on proportion 
(%) of pods below node 6 at Breeza over two years. 
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 Temperature and podset 
 Relationship between temperature and podset 
The graphs of predicted podding from REML (section 3.4) are shown below (Figure 4.41 to 
Figure 4.47) with trendline, trendline equation and R2 value for the following temperature 
parameters; 
• average daily temperature in the seven days after flowering, (Ave 7DA) 
• average daily temperature in the ten days after flowering, (Ave 10DA) 
• average of the maximum for the seven days after flowering, (Ave Max 7DA) 
• average of the maximum for the ten days after flowering, (Ave Max 10DA) 
• average of the minimum for the seven days after flowering, (Ave Min 7DA) 
• average of the minimum on each of the ten days after flowering, (Ave Min 10DA) 
• average temperature on the day of flowering, (Daily Ave) 
 
All curves were non-linear and showed a rise to a maximum podding proportion followed by a 
decline. Differences between varieties were minimal. The lowest temperature and podding data 
point for IX148f was lower than for other genotypes for Ave 7DA (Figure 4.41), Ave 10DA 
(Figure 4.42) and Ave Max 7DA (Figure 4.43). For Ave Max 7DA (Figure 4.43) and Ave Max 
10DA (Figure 4.44) IX148f had a more pronounced curve with a sharper rise and fall than other 
genotypes. The shorter maturity of IX148f may be responsible for differences in the curves  
produced. IX148f also showed a flatter response to Daily Ave (Figure 4.47). 
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Figure 4.41 Proportion podset of Cairo (a), IX148f (b) and Doza (c) in response 
to average temperature in the seven days following flowering. 
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Figure 4.42 Proportion podset of Cairo (a), IX148f (b) and Doza (c) in response 
to average temperature in the ten days following flowering. 
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Figure 4.43 Proportion podset of Cairo (a), IX148f (b) and Doza (c) in response 
to average maximum temperature in the seven days following flowering. 
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Figure 4.44 Proportion podset of Cairo (a), IX148f (b) and Doza (c) in response 
to average maximum temperature in the ten days following flowering. 
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Figure 4.45 Proportion podset of Cairo (a), IX148f (b) and Doza (c) in response 
to average minimum temperature in the seven days following flowering. 
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Figure 4.46 Proportion podset of Cairo (a), IX148f (b) and Doza (c) in response 
to average minimum temperature in the ten days following flowering. 
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Figure 4.47 Proportion podset of Cairo (a), IX148f (b) and Doza (c) in response 
to average temperature on the day of flowering. 
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 Optimum temperature and podset 
From the equations for podding (Figure 4.41 to Figure 4.47), optimum temperatures for 
maximum podding were calculated for all the temperature parameters. These optimums, the 
maximum podset and the associated R2 are summarized (Table 4.15 to Table 4.17). 
Table 4.15 Optimum temperature (°C) for podding in Cairo over two years at Breeza and 
Narrabri. 
Temperature 
parameter 
Maximum 
podding 
Optimum 
temperature R
2 
Daily Ave 0.72 12.6 0.40 
Ave 7DA 0.74 13.6 0.36 
Ave 10DA 0.73 13.3 0.48 
Ave Max 7DA 0.74 25.3 0.50 
Ave Max 10DA 0.76 24.9 0.42 
Ave Min 7DA 0.76 3.8 0.61 
Ave Min 10DA 0.76 3.7 0.69 
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Table 4.16 Optimum temperature (°C) for podding in IX148f over two years at Breeza and 
Narrabri. 
Temperature 
parameter 
Maximum 
podding 
Optimum 
temperature R
2 
Daily Ave 0.63 13 0.46 
Ave 7DA 0.67 13 0.64 
Ave 10DA 0.65 12.7 0.59 
Ave Max 7DA 0.64 24.3 0.70 
Ave Max 10DA 0.65 23.7 0.25 
Ave Min 7DA 0.67 3.5 0.69 
Ave Min 10DA 0.68 3.2 0.68 
 
 
Table 4.17 Optimum temperature (°C) for podding in Doza over two years at Breeza and 
Narrabri. 
Temperature 
parameter 
Maximum 
podding 
Optimum 
temperature R
2 
Daily Ave 0.73 11.7 0.44 
Ave 7DA 0.74 13.9 0.52 
Ave 10DA 0.75 13.5 0.43 
Ave Max 7DA 0.71 26.1 0.42 
Ave Max 10DA 0.72 25.6 0.32 
Ave Min 7DA 0.77 3.8 0.64 
Ave Min 10DA 0.78 3.6 0.59 
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The minimum temperature parameters Ave Min 7DA and Ave Min 10DA mostly gave the 
highest R2 although Ave Max 7DA gave the highest R2 for IX148f and the highest R2 overall 
(Table 4.18). Differences in R2 between Ave Min 7DA and Ave Min 10DA were small. Ave Min 
10DA gave the highest for Cairo and Ave Min 7DA the highest for Doza and 0.69 for IX148f.  
The maximum and average temperature parameters gave poorer R2 results, except for Ave Max 
7DA in IX148f as mentioned. For Cairo Ave Max 7DA obtained and R2 of 0.5 and for Doza both 
Ave Max 7DA and Ave Max 10DA gave less than 0.5.  
Of the average temperature parameters, Ave 7DA and Ave 10DA mostly gave higher R2 than 
Daily Ave which gave an R2 below 0.5 for all genotypes.  
Table 4.18 R squared values for regression of temperature (°C) and podding in three 
genotypes over two years at Breeza and Narrabri. 
Temperature 
parameter Cairo Doza IX148f Average 
Daily Ave 0.40 0.44 0.46 0.43 
Ave 7DA 0.36 0.52 0.64 0.51 
Ave 10DA 0.48 0.43 0.59 0.50 
Ave Max 7DA 0.50 0.42 0.70 0.54 
Ave Max 10DA 0.42 0.32 0.25 0.33 
Ave Min 7DA 0.61 0.64 0.69 0.65 
Ave Min 10DA 0.69 0.59 0.68 0.65 
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There was little variation in optimum temperature between varieties (Table 4.19), IX148f having 
a lower optimum for all parameters except daily average temperature which was higher.  
Table 4.19 Optimum temperature (°C) for podding in three genotypes over two years at 
Breeza and Narrabri. 
Temperature 
parameter Cairo Doza IX148f Average 
Daily Ave 12.6 11.7 13.0 12.4 
Ave 7DA 13.6 13.9 13.0 13.5 
Ave 10DA 13.3 13.5 12.7 13.1 
Ave Max 7DA 25.3 26.1 24.3 25.2 
Ave Max 10DA 24.9 25.6 23.7 24.7 
Ave Min 7DA 3.8 3.8 3.5 3.7 
Ave Min 10DA 3.7 3.6 3.2 3.5 
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5 Discussion 
The results of the analyses of the two sets of physical data (Breeza/Narrabri combined and 
Breeza irrigated treatments) are considered here together in terms of the effect of treatment and 
treatment interactions on yield and harvest index, seed size, dry matter production and nodal 
distribution of pods. The significance of the analyses of average flower day are also discussed 
(section 5.5). 
 Yield and harvest index 
 Sowing date 
In the analyses of sowing date as main treatment and the sowing date x year interactions, sowing 
date II gave the highest yield and harvest index of all sowing dates indicating that the optimum 
sowing date for Breeza is early to mid May and early May at Narrabri. 
The reduction in yield  between sowing dates II and III concurs with others who found yield 
reductions with delayed sowing (Adisarwanto and Knight, 1997; Baldwin, 1980; Loss and 
Siddique, 1997a; Marcellos and Constable, 1986; Tosun et al., 1984). McEwen et al. (1981) in 
southern Queensland found yield reduction with later sowing from mid April to early June.  
At Breeza, the latest sowing date (late May to early June) gave higher yield and harvest index 
than the earliest (mid April), however at Narrabri the earliest (mid April) gave similar to the 
latest. This indicated that at Breeza very early sowing was more detrimental than very late, but at 
Narrabri mid April sowing was similar to late May sowing. This effect was however modified by 
season as sowing date III outperformed sowing date I in 2012 for yield and harvest index at both 
sites. The reverse occurred in 2013 with both yield and harvest index being greater at I than III. 
112 
 
This was probably due to the warmer and drier 2013 season (4.1.1 and 4.1.2) and slightly later 
sowing date placing III at a disadvantage in producing yield. Faba bean is sensitive to high 
temperature and it starts to shed flowers and developing pods when temperatures exceed 29 °C 
(El Nadi, 1969). Higher harvest index at III is probably due to lower biomass from late sowing. 
This is supported by the fact that correlations between harvest index and biomass were negative. 
Poor yield from sowing date I may have resulted from excessive biomass competing for 
resources and or shading of lower flowers from a large canopy leading to flower abortion. This is 
supported by the fact that sowing date I produced significantly higher biomass at all stages 
(section 5.3.1). Sowing date I also produced fewer pods below node 9 at both sites although this 
study cannot determine if this was due to flower abscission as a result of shading or greater nodal 
development prior to flowering. It has been reported that excessive vegetative growth can reduce 
yield in faba bean (Grashoff, 1990; Smith, 1982a).  
 Year 
Both yield and harvest index were higher in 2012 than 2013. This probably reflects better 
growing conditions in 2012 and slightly earlier sowing dates in 2012 (Table 3.1). Growing season 
(1st April to 31st October) rainfall at Breeza and Narrabri respectively was 34 and 84mm lower 
with 23 and 28 more days with maxima over 25 °C in 2013. This data agrees with (Siddique et 
al., 2001) who found yield reductions with lower growing season rainfall in South Australia.  
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 Location 
Breeza produced higher yield and harvest index compared to Narrabri possibly due to cooler 
climate and higher rainfall (section 4.1.1 and 4.1.2).  In northern NSW average yields of faba 
bean are higher in the eastern region compared to the west  (GRDC, 2016).  The east is 
characterised by higher rainfall and lower temperatures providing environments conducive to 
plant growth and development. Seitzer and Evans (1976) found reduced yield at a lower rainfall 
site. 
  Genotype  
Table 5.1 Influence of genotype on yield and harvest index over two years at Breeza and 
Narrabri. 
Breeza/ Narrabri 
Yield Harvest index 
IX148f > Doza = Cairo IX148f > Doza = Cairo 
< and > indicate significant differences at P = 0.05, = indicates non-significant. 
IX148f produced higher yield and harvest index than Doza and Cairo (Table 5.1) and Doza 
produced similar yield and harvest index to Cairo. The superior performance of IX148f  is 
probably due to shorter maturity (section 5.5.2) allowing it to fill seed prior to terminal stress. 
Siddique et al. (1999) concluded that early flowering was important for successful adaptation of 
cool season legumes to dry environments. These results conform with long term yield trials 
(GRDC, 2016) which showed Doza produced significantly higher yields than Cairo in the 
Liverpool Plains and Narrabri regions. Data from Hebblethwaite et al. (1991)  found Doza gave 
higher yield than IX148f which in turn gave higher yield than Cairo. Thus, the relative rankings 
of genotypes in this study showed some differences to other work, seasonal variability was 
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possibly responsible. The greater rust resistance level of Doza would have favoured selection of 
Doza over IX148f in the varietal release.  
 Irrigation 
Irrigation did not improve yield and reduced harvest index, although in 2012 there was a small 
yield response to irrigation. This is in contrast to others (Hebblethwaite et al., 1991; Hegab et al., 
2014; Husain et al., 1988; McEwen et al., 1981) who achieved yield increase using several 
irrigations based on calculated evapotranspiration or soil water deficit. In this study trials were 
sown on a full moisture profile, were irrigated only once and evaporative demand and/or soil 
moisture content were not measured. Had more sophisticated scheduling been used a response to 
irrigation may have occurred.  Further, irrigation may have occurred too late (7th September in 
2012 and 13th September 2013) to influence yield as podding had already occurred. Management 
limitations required that all sowing dates were irrigated on one date irrespective of growth stage.   
Other research (Grashoff, 1990; Smith, 1982a) did report lower yield with excess moisture and 
several others (De Costa et al., 1997; Sau and Minguez, 2000; Smith, 1982a) also found a 
reduction in harvest index from irrigation. It is possible that the late irrigation in this study 
encouraged excess vegetative growth which reduced harvest index. 
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 Seed weight  
 Sowing date 
Sowing data I produced similar seed weight to II, both larger than III. Overall this data supports 
that from (Adisarwanto and Knight, 1997; Marcellos and Constable, 1986; Pandey, 1981; Tosun 
et al., 1984) showing reduced seed weight with successively later sowing. Adisarwanto and 
Knight (1997) found seed weight to be consistent at early and mid sowing dates, as occurred in 
this study, but lower at very late sowing.  
In both sites, all sowing dates produced smaller seed in 2013 compared to 2012. The 2013 season 
was drier and hotter than 2012 (section 4.1.1 and 4.1.2) suggesting seed weight was affected by 
terminal stress.  
 Irrigation 
Irrigation reduced seed weight which was unexpected as others found an increase (El Nadi, 1970; 
Paolo et al., 2015; Pilbeam et al., 1992; Tayel and Sabreen, 2011). Husain et al. (1988) found late 
irrigation reduced seed weight, while earlier irrigations increased seed weight or had no impact.  
McEwen et al. (1981) found a variable response depending upon season. The above researchers 
applied irrigation according to calculated evapotranspiration or soil water deficit, whereas this 
research applied water once in the spring based on availability and seasonal conditions, thus 
timing may not have been optimal. The irrigation applied in this study may have been too late 
and resulted in a reduction in seed weight through promotion of late season vegetative growth. 
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 Year 
Seed weight was higher in 2012, probably due to the more favourable season (section 4.1.1 and 
4.1.2) and slightly earlier sowing dates in 2012 (Table 3.1). It is likely that higher temperatures 
rather than insufficient moisture reduced seed weight as Breeza had an irrigation treatment that 
did not increase seed weight. Faba bean is known to be susceptible to heat in the reproductive 
stages (Abdalla and Fischbeck, 1978; Bishop et al., 2016; Maalouf, 2010). 
 Location 
The smaller seed weight at Breeza is hard to explain and previous research does not suggest 
possible reasons for this. In a range of trials (Siddique et al., 1999), however, found no 
relationship between yield and seed weight. Possibly higher yield at Breeza placed greater 
demand on photosynthetic products which in turn reduced seed weight. These results also 
indicate higher yield can be achieved even with smaller seed in faba bean.  This supported the 
correlation which showed no correlation between yield and seed weight (section 4.3.11). 
 Genotype 
IX148f produced larger seed than Cairo which in turn produced larger than Doza and IX148f also 
maintained seed weight across years where other genotypes produced lower seed weight in 2013.   
The shorter maturity of IX148f may have reduced exposure to terminal stress and assisted in 
maintaining seed weight. It is also likely that genetic factors have a large influence on seed 
weight and this data showed that larger seed weight can be achieved even in shorter duration 
varieties. 
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  Dry matter 
 Sowing date 
Biomass response at various sowing dates (Table 5.2)  showed a reduction in biomass from later 
sowings. Marcellos and Constable (1986) found reductions in final biomass with later sowing at 
Tamworth and Narrabri. Adisarwanto and Knight (1997); Loss and Siddique (1997a) found 
reductions with later sowing  in South Australia,  McEwen et al. (1981) found similar in southern 
Queensland and Kondra (1975) found similar in north America. 
A strong correlation between above ground biomass and yield (Loss and Siddique, 1997a; 
Marcellos, 1987; Thomson and Siddique, 1997) has been recorded and the data from this study  
partially supports that work with the greater biomass of sowing date II compared to III associated 
with  greater yield. However, the correlation analyses showed no correlation between biomass 
and yield and the higher biomass at sowing date I was not associated with higher yield. The lack 
of yield benefit from the highest biomass levels in this study indicated excessive biomass 
production in early sowing dates was detrimental to yield in a favourable environment although 
equally high biomass were recorded in other studies without such yield penalty (Loss and 
Siddique, 1997a; Marcellos and Constable, 1986).   
The lack of response to increased biomass found in this study compared to those conducted in 
Western Australia (Loss and Siddique, 1997a) who found positive relationship between biomass 
and yield, may reflect warmer growing conditions, deeper soils with better moisture holding 
capacity in northern NSW which  may have contributed excessive biomass as compared to 
Western Australia conditions. The lack of agreement with work by  Marcellos (1987)  which was 
carried out in northern NSW is harder to explain. 
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Flowering biomass at sowing date I was greater than II and III and this occurred in all genotypes, 
differences between II and III were mostly small by comparison. Warm conditions experienced 
by the first sowing are probably responsible for this. Odabas et al. (2007) found faba bean growth 
was responsive to higher temperature and found gas exchange in faba bean leaves were optimised 
at 26-27 °C. 
Table 5.2 Influence of sowing date on biomass accumulation at Breeza and Narrabri over 
two years at different growth stages. 
Growth Stage Breeza /Narrabri 
flowering I*>II>III 
podding I>II>III 
Maturity I>II>III 
* refers to sowing date I, II and III, < and > indicate significant differences at     
P = 0.05.  
 
 Irrigation 
Irrigated materials produced greater biomass towards maturity as observed by others (De Costa et 
al., 1997; Hegab et al., 2014; Paolo et al., 2015). The failure to produce greater dry matter 
response at earlier growth stages (flowering and podding) resulted from irrigation occurring after 
these biomass measurements. 
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 Year 
Table 5.3 Influence of year on dry matter production of three genotypes over two years. 
Growth Stage Relative biomass 
Flowering   2013 > 2012 
Podding 2013 > 2012 
Maturity 2013 > 2012 
 < and > indicate significant differences at P = 0.05.  
For both sites, dry matter production at all stages was higher in 2013 than 2012 (Table 5.3). 
Although this result was not expected it is likely that the combination of the warmer 2013 season 
(section 4.1.1 and 4.1.2) and stored soil moisture encouraged greater biomass production. Whilst 
Siddique et al. (2001) found reductions in final dry matter in a dry season it is also true that 
biomass production is responsive to higher temperature (Odabas et al., 2007). It appears that in 
2013 the stimulatory effect of higher temperatures was greater than the suppressive effect of 
lower rainfall.   
At flowering Narrabri produced more (over twice) as much biomass in 2013, however Breeza 
produced similar in both years.  Very high rainfall in March 2013 at Narrabri (Figure 4.2 and 4.4) 
may explain the Narrabri results as biomass and leaf area production in faba bean is highly 
sensitive to moisture availability (De Costa et al., 1997; Karamanos and Gimenez, 1991).   
At maturity biomass production in Breeza was greater at sowing date I in 2013 than 2012 and 
similar at II and less at III. In Narrabri biomass was greater at I and II in 2013 and less at III. 
These results indicate that at both sites terminal heat and moisture stress in 2013 during spring 
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when plants were still growing reduced late biomass production as dry matter production in faba 
bean is sensitive to moisture stress. This effect was greatest at the less favourable Narrabri site. 
Narrabri produced greater dry matter overall at flowering and podding but less at maturity 
compared to Breeza (Table 4.6). Greater biomass production at maturity in Breeza agrees with 
data from (Agung and McDonald, 1998) who found greater final biomass at  a higher rainfall site. 
It is likely that warmer conditions at Narrabri encouraged greater early biomass production, 
however greater rainfall and lower late seasons temperatures (section 4.1.1 and 4.1.2) at Breeza 
resulted in greater final biomass at this site. Narrabri being a warmer site displayed less biomass 
production towards maturity.  
Biomass at flowering was higher at Narrabri than Breeza at sowing date I and II, but similar at III 
indicating that early sowing had a greater effect on early biomass production at Narrabri. 
Looking at individual years, however, biomass production at Breeza in 2012 was similar to or 
greater than Narrabri at each sowing date and in 2013 Narrabri was greater at all dates. The 
warmer conditions at Narrabri in 2013 are likely to be responsible for this. Warm temperatures 
with no restriction on moisture level encouraged biomass production (Odabas et al., 2007).  
 At podding, biomass production at Narrabri was greater than at Breeza in all sowing dates 
indicating greater biomass production at the warmer Narrabri site. Narrabri produced less 
biomass overall at maturity than Breeza, with Breeza producing more at sowing date I and similar 
at II and III. The greater late season biomass production at Breeza is probably a result of the 
longer growing season. Overall it appears that warmer conditions at Narrabri allowed greater 
early biomass production but, terminal heat stress curtailed late biomass production. 
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The year x sowing date x location interaction showed that in 2013 at both sites successively later 
sowings gave progressively lower final biomass. In 2012 final biomass was similar for all dates at 
Narrabri and I and II at Breeza with III being lower. Therefore in the less favourable 2013 season 
early sowing was more important for production of high final biomass.  
 Genotype 
Table 5.4 Influence of genotype on dry matter production over two years. 
Breeza/ Narrabri 
Flowering Podding Maturity 
Cairo > Doza (IX148f 
intermediate) 
NS NS 
 < and > indicate significant differences P = 0.05, *NS = non-significant. 
The only differences in dry matter production occurred at flowering (Table 5.4). There was some 
relationship between maturity and biomass production with Cairo producing more biomass than 
Doza and this would be expected given the longer maturity of Cairo.  There is no published data 
comparing maturity of differing genotypes and early biomass production.  
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 Nodal distribution of pods 
 Sow date 
Sequentially later sowing produced progressively more pods below node 6 and from 6 – 9, while 
producing less from 10 −  13 and above 13. (Table 5.5). The influence of sowing date on lower 
pods is most likely a result of greater number of node development prior to flowering on early 
sown material and/or low temperatures killing flowers/pods at lower nodes. At higher nodes 
terminal heat and moisture stress likely reduced pod set in the late sown material. These results 
support the work of Pandey (1981) who found a reduction in the node number at which the first 
pod was found and Marcellos and Constable (1986) who found a reduction in height to the first 
pod in latter sown material.  Loss et al. (1997b) found plants in earlier sowing set more pods at 
higher nodes. 
Table 5.5 Influence of sowing date on nodal distribution of pods in three genotypes over two 
years. 
Nodal Interval Ranking of sowing dates 
< 6 I* < II < III 
6 − 9 I < II < III 
10 −13 I > II > III  
>13 I > II > III 
* refers to sowing date I, II and III, < and > indicate significant differences at 
 P = 0.05,  
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 Irrigation 
Irrigated materials produced fewer pods from nodes 6 - 9 than non-irrigated and produced more 
pods above 13 at sowing date II and III. Possibly greater moisture supply enabled production of 
greater biomass and pods at higher nodes which competed with lower pods for plant resources. 
Shading may also have been responsible for reduced podset at lower nodes. Irrigation may have 
occurred too late to affect pods above node 13 in sowing date I (section 5.1.5).  
 Year 
Year was significant with more pods above node 13 and below 6 in 2012.  The greater production 
of pods above 13 occurred at sowing date I and II only and the greater production of pods below 
6 occurred only in sowing date III. 
More favourable conditions in 2012 (section 4.1.1 and 4.1.2) and slightly later sowing dates in 
2013 (Table 3.1) may have produced more pods at higher nodes in 2012 whilst the greater 
number of pods below node six in 2012 is difficult to explain. Possibly slower nodal development 
occurred prior to flowering in the cooler 2012 resulting in more pods below node 6 as vegetative 
growth is known to be influenced by temperature (Odabas et al., 2007).    
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 Location 
Breeza produced a greater number of pods at intervals below node 10 and fewer from 10 −  13 
and above 13 compared to Narrabri. This may reflect greater production of nodes at Narrabri due 
to warmer weather which resulted in pod production at higher nodal intervals. 
The location x year interaction showed that pod distribution in Breeza was similar in both years 
but in Narrabri pod numbers at the highest and lowest intervals fell in 2013. Faster nodal growth 
in 2013 as a result of higher temperatures may have reduced pods below 6 and this combined 
with lower rainfall which created terminal stress at Narrabri in 2013 reduced podset at higher 
nodes.  
 Genotype 
Significant differences were found among genotypes though significants were not large. There 
was a tendency for IX148f to produce more pods at intervals below node 10 than Doza and above 
node 10 the reverse occurred.   The early flowering nature of IX148f may explain pod production 
at lower nodes.  
The genotype x year interaction, showed a tendency for Cairo to produce less pods above node 
13 in 2013. The longer maturity of Cairo may have restricted podding at higher nodes in the less 
favourable 2013 season due to terminal stress (section 4.1.1 and 4.1.2). No published information 
is available on pod location of the different genotypes in this study.  
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 Average flower day 
 Sow date 
At Breeza each sequentially later sowing date was quicker to flower (section 4.3.1.5). The 
Narrabri site showed a similar trend, however sowing date II and III were similar (Table 4.4).  
The shorter time to flower with later sowing may be associated with thermal degree days as the 
temperature as well as day light increased at later sowings. These results agree with data from 
others (Loss and Siddique, 1997a; McDonald et al., 1994; Pandey, 1981; Pilbeam et al., 1990a) 
who found shorter time to flower with later sowing. 
The method of determining days to flower (section 3.3.5) in this study was not the standard (50% 
of plants flowering) and therefore results are not comparable with other studies although trends 
were similar.  
 Genotype 
At both Breeza and Narrabri IX148f was the quickest to flower followed by Doza followed by 
Cario (Table 4.8).  Rose (2010) found days to 50% flowering for Cairo (58 days) significantly 
greater than Doza (55) which was similar to IX148f (56), a ranking similar to that of the present 
study. Siddique et al. (1999) found early phenology was an important feature of grain legumes 
adapted to Australia and the quicker maturity and higher yield of IX148f would support this 
conclusion. 
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 Temperature and pod set 
 Value of different temperature parameters 
The average temperature at which podding was greatest was approximately 12.5 − 13.5 °C. 
Bishop et al. (2016) found seed yield maximum at day/night temperatures of 18/10 °C which 
would  correspond to an average daily temperature of  14 °C similar to that found in the present 
study. 
The minimum temperature at which podding was highest was approximately 3.5 °C. This is 
consistent with Liu et al. (1987) who found 7 days with minimum temperatures below 2.0 °C 
caused yield loss and Loss and Siddique (1997a) who found faba bean could tolerate frost down 
to -2. °C. 
The maximum temperature at which podding was optimum was approximately 25 °C, which is 
consistent with El Nadi (1969) who found flower abortion greater at 29 °C compared to 18 °C 
and Abdalla and Fischbeck (1978) who found pod set at day/night temperatures of 30/23 °C 
much less than at 20/15 °C. 
The best correlations between temperature and podding were achieved with minimum 
temperatures and this indicated that minimum temperature may have been more relevant to 
production than maximum temperature. High temperatures occurred towards the end of the 
season when moisture became limiting and may have been confounded with the effects of 
moisture stress. The slightly lower optimum temperatures for IX148f (Table 4.19) reflected its 
shorter maturity which enabled it to produce most pods earlier in the season than other varieties. 
The lower minimum podding and temperature points recorded on the Ave 7DA, Ave 10DA and 
Ave Max 7DA graphs (section 4.5.1) support this conclusion. This also supports the general 
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tendency that in northern agriculture environments of Australia, breeders are targeting early 
season varieties (Adhikari, pers. comm.).  
Research on the temperature effects on flowering are usually carried out in a controlled 
environment and individual flowers are monitored rather than nodes as in the present study. 
Although the results obtained in this study were similar to what has been reported earlier, a 
caution will be needed to extrapolate them.  
 
 
 
 
 
 
 
 
 
 
 
128 
 
6 Conclusion 
In northwestern NSW a sowing date of early May maximised yield, harvest index and seed 
weight in faba bean; later or earlier sowing reduced yield. The reduction in yield with late sowing 
is probably due to terminal temperature and moisture stress, whereas with early sowing excessive 
biomass production creating shading of the lower canopy and competition for assimilates 
between vegetative and reproductive structures is the likely cause. These results are in agreement 
with work conducted by others. 
Faba bean is sensitive to heat and moisture stress and this study found a strong response to 
environment, particularly moisture and rainfall, with greater yield in more favourable seasons and 
locations. Sowing in early May can provide the best environment for setting yield as it lengthens 
maturity and provides sufficient time to set and fill pods whilst avoiding terminal stress which 
can be experienced in later sowing.  
In less favourable environments or seasons, sowing later than optimum was as detrimental to 
yield as sowing earlier than optimum as the effect of terminal heat and moisture stress had greater 
impact on the late sown material. These results clearly demonstrated that sowing date needs to be 
adjusted for different environments within northern NSW. 
The indeterminate nature of faba bean makes timing of irrigation critical. The lack of response in 
terms of yield and reduction in seed weight to irrigation in this this study may have been due to 
poor timing of irrigation, or a lack of responsiveness of faba bean to irrigation when grown on 
deep vertosols with good moisture profiles.  The reduction in seed weight with irrigation 
indicated that favourable moisture conditions increased the number of pods/plant and the number 
of seeds/pod might which created strong competition for carbohydrates amongst developing pods 
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and seeds. Further investigations are required to verify this hypothesis.  Although the timing of 
irrigation was not studied here, the lack of response of yield with irrigation suggested that 
irrigation should be applied before September when plants are in full bloom. This study indicates 
that in northern NSW irrigation management in faba bean is complex and a significant amount of 
further research is required given the costs associated with irrigation.  
In this study, as in others, dry matter production was responsive to early sowing, greater moisture 
and higher temperature. The response to warmer conditions was greater than might have been 
expected and this may be due to good stored soil moisture at both sites allowing rapid early 
growth. 
The link between yield and biomass production in this study was less strong than in other studies 
although there was a link between lower biomass and lower yield at later sowing dates. Possibly 
the relatively good growing conditions in this study compared to other studies, modern genotypes 
with improved foliar disease management and modern agronomic techniques have reduced the 
relationship between biomass and yield. This relationship requires further investigation in the 
northern NSW environment.  
Maturity was found to be important and there was a strong yield response to maturity, despite the 
non-standard technique used to determine flowering time in this study.  Shorter maturing 
genotypes provided superior performance in yield probably as it enabled avoidance of terminal 
stress. These results agree with those of grain legume breeders in this region who are developing 
varieties with short maturity (Adhikari, pers. comm.).  Further investigations are required to 
determine whether genotypes with shorter maturity than IX148f will be suitable in this 
environment. 
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Pod location showed strong response to sowing date and growing conditions. Later sowing 
resulted in more pods at lower nodes and fewer at higher nodes. Better seasonal conditions 
resulted in more pods at higher nodal intervals as did warmer conditions in the presence of 
sufficient moisture or irrigation. Whilst higher yield in this study was associated with shorter 
maturity and therefore lower pod location, it is unlikely that higher yield was caused by lower 
pod location.  If shorter genotypes were developed, location of pods, in other words harvest 
height, could be too close to the ground causing harvest difficulties.  However, this may not be a 
problem as most production in northern NSW occurs on alluvial plains devoid of rocks which 
constitute the main obstacle to harvesting low set grains.  
The relationship between temperature and podding in this study, although achieved through non-
standard techniques, agrees with the limited literature available. Minimum daily average 
temperatures of approximately 3.5°C, average daily temperatures of 12 − 13°C and average 
maximum daily temperatures of 25°C maximized podding.  These results can be used to adjust 
sowing time in different environments so that the above temperature regimes coincide with 
flowering and podding. This will be particularly important to avoid near freezing temperatures 
and excessive heat at flowering and podding. The relatively low minimum daily average 
temperature found to optimize podding in this study would further support the testing of shorter 
maturing genotypes and possibly earlier sowing that would result in crops flowering during 
periods of low temperature.  
In order to sow earlier (late March or early April), the problems associated with early sowing 
(excessive biomass and shading of the lower canopy) would need to be overcome. The strong 
response of biomass production with temperature would make the production of excessive 
biomass of particular concern with very early sowing. The northern NSW environment with 
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relatively warm winters and significant reserves of stored soil moisture may exacerbate this 
problem compared to other production areas in Australia. Potential techniques to ameliorate the 
problems of early sowing may include use of hormones to regulate biomass production or 
changes in plant architecture to reduce shading. Sowing faba bean on a limited moisture profile 
may also limit problems associated with excessive biomass and this can be achieved by double 
cropping i. e. sowing immediately after harvest of a preceding summer crop.  Given the 
difficulties of managing excessive biomass production in early sowing, April sowing of shorter 
maturing genotypes may be the most practical option to better match faba bean physiology to 
environment. 
An alternative strategy would be to produce genotypes capable of withstanding high temperatures 
during flowering.  Although this would appear to be a more difficult option requiring a 
significant breeding effort, this might be a better strategy in the long term given predictions of 
higher average temperatures as a result of climate change. The impact of these different options 
on seed weight would also need to be measured as larger seed has marketing advantages. 
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8 Appendices 
 Analyses of variance (ANOVA) - biomass and yield components  
 ANOVA on dry matter production at flowering (t/ha) in faba bean genotypes at 
Breeza and Narrabri 2012-13 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
Replication stratum 3  0.2415  0.0805  0.50   
Genotypes 2  2.4461  1.2230  7.59 <.001 
Location 1  30.7082  30.7082  190.64 <.001 
Sowing_Dates 2  109.7915  54.8958  340.80 <.001 
Year 1  39.0403  39.0403  242.37 <.001 
Genotypes.Location 2  4.8191  2.4096  14.96 <.001 
Genotypes.Sowing_Dates 4  2.3143  0.5786  3.59  0.009 
Location.Sowing_Dates 2  38.0190  19.0095  118.01 <.001 
Genotypes.Year 2  1.1091  0.5545  3.44  0.035 
Location.Year 1  53.2478  53.2478  330.57 <.001 
Sowing_Dates.Year 2  28.6087  14.3044  88.80 <.001 
Genotypes.Location.Sowing_Dates  
 4  1.6141  0.4035  2.51  0.046 
Genotypes.Location.Year 2  0.9880  0.4940  3.07  0.051 
Genotypes.Sowing_Dates.Year  
 4  3.0894  0.7724  4.79  0.001 
Location.Sowing_Dates.Year  
 2  35.8963  17.9482  111.43 <.001 
Residual 109  17.5575  0.1611     
  
Total 143  369.4910       
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  ANOVA on dry matter production at podding (t/ha) in faba bean genotypes at 
Breeza and Narrabri 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Replication stratum 3  0.6691  0.2230  0.35   
Genotypes 2  1.4305  0.7152  1.11  0.333 
Location 1  115.7597  115.7597  180.01 <.001 
Sowing_Dates 2  185.3466  92.6733  144.11 <.001 
Year 1  8.6802  8.6802  13.50 <.001 
Genotypes.Location 2  3.5489  1.7744  2.76  0.068 
Genotypes.Sowing_Dates 4  3.1234  0.7809  1.21  0.309 
Location.Sowing_Dates 2  7.2637  3.6318  5.65  0.005 
Genotypes.Year 2  2.4719  1.2359  1.92  0.151 
Location.Year 1  0.3522  0.3522  0.55  0.461 
Sowing_Dates.Year 2  2.8770  1.4385  2.24  0.112 
Genotypes.Location.Sowing_Dates  
 4  2.5494  0.6373  0.99  0.416 
Genotypes.Location.Year 2  1.6952  0.8476  1.32  0.272 
Genotypes.Sowing_Dates.Year  
 4  0.9158  0.2289  0.36  0.839 
Location.Sowing_Dates.Year  
 2  3.2260  1.6130  2.51  0.086 
Residual 109  70.0950  0.6431     
Total 143  410.0045        
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 ANOVA on dry matter production at maturity (t/ha) in faba bean genotypes at 
Breeza and Narrabri 2012-13 
Source of variation     d.f.   s.s.         m.s.   v.r.  F pr. 
Replication stratum 3  7.894  2.631  1.86   
Genotypes 2  0.655  0.328  0.23  0.794 
Location 1  11.972  11.972  8.44  0.004 
Sowing_Dates 2  300.470  150.235  105.93 <.001 
Year 1  83.524  83.524  58.89 <.001 
Genotypes.Location 2  4.288  2.144  1.51  0.225 
Genotypes.Sowing_Dates 4  1.391  0.348  0.25  0.912 
Location.Sowing_Dates 2  10.823  5.411  3.82  0.025 
Genotypes.Year 2  7.684  3.842  2.71  0.071 
Location.Year 1  0.160  0.160  0.11  0.738 
Sowing_Dates.Year 2  189.822  94.911  66.92 <.001 
Genotypes.Location.Sowing_Dates  
 4  2.064  0.516  0.36  0.834 
Genotypes.Location.Year 2  1.355  0.678  0.48  0.621 
Genotypes.Sowing_Dates.Year  
 4  8.012  2.003  1.41  0.235 
Location.Sowing_Dates.Year  
 2  32.125  16.063  11.33 <.001 
Residual 109  154.588  1.418     
Total 143  816.829         
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 ANOVA on yield (t/ha) in faba bean genotypes at Breeza and Narrabri 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Replication stratum 3  0.9149  0.3050  2.26   
Genotypes 2  3.5146  1.7573  13.04 <.001 
Location 1  11.5582  11.5582  85.76 <.001 
Sowing_Dates 2  28.1033  14.0517  104.27 <.001 
Year 1  8.3183  8.3183  61.72 <.001 
Genotypes.Location 2  0.1977  0.0988  0.73  0.483 
Genotypes.Sowing_Dates 4  0.3862  0.0966  0.72  0.582 
Location.Sowing_Dates 2  1.8079  0.9040  6.71  0.002 
Genotypes.Year 2  0.8902  0.4451  3.30  0.041 
Location.Year 1  5.9806  5.9806  44.38 <.001 
Sowing_Dates.Year 2  26.5688  13.2844  98.57 <.001 
Genotypes.Location.Sowing_Dates  
 4  0.5219  0.1305  0.97  0.428 
Genotypes.Location.Year 2  0.4592  0.2296  1.70  0.187 
Genotypes.Sowing_Dates.Year  
 4  1.0245  0.2561  1.90  0.116 
Location.Sowing_Dates.Year  
 2  0.4084  0.2042  1.52  0.224 
Residual 109  14.6897  0.1348     
Total 143  105.3444           
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  ANOVA on harvest index in faba bean genotypes at Breeza and Narrabri 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Replication stratum 3  0.065133  0.021711  3.33   
Genotypes 2  0.090344  0.045172  6.93  0.001 
Location 1  0.131779  0.131779  20.23 <.001 
Sowing_Dates 2  1.130662  0.565331  86.78 <.001 
Year 1  0.565449  0.565449  86.80 <.001 
Genotypes.Location 2  0.030306  0.015153  2.33  0.103 
Genotypes.Sowing_Dates 4  0.026348  0.006587  1.01  0.405 
Location.Sowing_Dates 2  0.052977  0.026488  4.07  0.020 
Genotypes.Year 2  0.000744  0.000372  0.06  0.945 
Location.Year 1  0.084281  0.084281  12.94 <.001 
Sowing_Dates.Year 2  0.154300  0.077150  11.84 <.001 
Genotypes.Location.Sowing_Dates  
 4  0.019473  0.004868  0.75  0.562 
Genotypes.Location.Year 2  0.003631  0.001815  0.28  0.757 
Genotypes.Sowing_Dates.Year  
 4  0.063813  0.015953  2.45  0.050 
Location.Sowing_Dates.Year  
 2  0.036707  0.018353  2.82  0.064 
Residual 109  0.710080  0.006514     
Total 143  3.166027         
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 ANOVA on 100 seed weight (g) in faba bean genotypes at Breeza and Narrabri 
2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Replication stratum 3  135.86  45.29  3.30   
Genotypes 2  960.89  480.45  35.02 <.001 
Location 1  438.66  438.66  31.97 <.001 
Sowing_Dates 2  785.82  392.91  28.64 <.001 
Year 1  1266.71  1266.71  92.32 <.001 
Genotypes.Location 2  42.87  21.44  1.56  0.214 
Genotypes.Sowing_Dates 4  30.54  7.63  0.56  0.695 
Location.Sowing_Dates 2  253.23  126.61  9.23 <.001 
Genotypes.Year 2  528.12  264.06  19.25 <.001 
Location.Year 1  16.80  16.80  1.22  0.271 
Sowing_Dates.Year 2  36.77  18.39  1.34  0.266 
Genotypes.Location.Sowing_Dates  
 4  48.71  12.18  0.89  0.474 
Genotypes.Location.Year 2  30.36  15.18  1.11  0.334 
Genotypes.Sowing_Dates.Year  
 4  59.55  14.89  1.09  0.368 
Location.Sowing_Dates.Year  
 2  117.24  58.62  4.27  0.016 
Residual 109  1495.51  13.72     
Total 143  6247.65         
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  ANOVA on proportion of pods below node six in faba bean genotypes at Breeza and 
Narrabri 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Replication stratum 3  0.003546  0.001182  0.61   
Genotypes 2  0.028491  0.014246  7.35  0.001 
Location 1  0.050231  0.050231  25.90 <.001 
Sowing_Dates 2  0.787027  0.393514  202.92 <.001 
Year 1  0.013140  0.013140  6.78  0.011 
Genotypes.Location 2  0.007375  0.003688  1.90  0.154 
Genotypes.Sowing_Dates 4  0.007949  0.001987  1.02  0.398 
Location.Sowing_Dates 2  0.068602  0.034301  17.69 <.001 
Genotypes.Year 2  0.017789  0.008895  4.59  0.012 
Location.Year 1  0.016014  0.016014  8.26  0.005 
Sowing_Dates.Year 2  0.021697  0.010849  5.59  0.005 
Genotypes.Location.Sowing_Dates  
 4  0.020010  0.005002  2.58  0.041 
Genotypes.Location.Year 2  0.005638  0.002819  1.45  0.238 
Genotypes.Sowing_Dates.Year  
 4  0.010719  0.002680  1.38  0.245 
Location.Sowing_Dates.Year  
 2  0.030266  0.015133  7.80 <.001 
Residual 109  0.211384  0.001939     
Total 143  1.299879        
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  ANOVA on proportion pods from node six to nine in faba bean genotypes at Breeza 
and Narrabri 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Replication stratum 3  0.007995  0.002665  0.73   
Genotypes 2  0.072620  0.036310  9.99 <.001 
Location 1  0.459576  0.459576  126.40 <.001 
Sowing_Dates 2  1.982127  0.991063  272.57 <.001 
Year 1  0.113155  0.113155  31.12 <.001 
Genotypes.Location 2  0.003458  0.001729  0.48  0.623 
Genotypes.Sowing_Dates 4  0.040661  0.010165  2.80  0.030 
Location.Sowing_Dates 2  0.000972  0.000486  0.13  0.875 
Genotypes.Year 2  0.019608  0.009804  2.70  0.072 
Location.Year 1  0.082780  0.082780  22.77 <.001 
Sowing_Dates.Year 2  0.029869  0.014934  4.11  0.019 
Genotypes.Location.Sowing_Dates  
 4  0.003214  0.000804  0.22  0.926 
Genotypes.Location.Year 2  0.008827  0.004413  1.21  0.301 
Genotypes.Sowing_Dates.Year  
 4  0.029962  0.007491  2.06  0.091 
Location.Sowing_Dates.Year  
 2  0.013807  0.006904  1.90  0.155 
Residual 109  0.396318  0.003636     
Total 143  3.264948          
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 ANOVA on proportion of pods from node ten to thirteen in faba bean genotypes at 
Breeza and Narrabri 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Replication stratum 3  0.008503  0.002834  0.98   
Genotypes 2  0.018397  0.009198  3.19  0.045 
Location 1  0.062961  0.062961  21.81 <.001 
Sowing_Dates 2  0.232377  0.116189  40.25 <.001 
Year 1  0.014932  0.014932  5.17  0.025 
Genotypes.Location 2  0.005066  0.002533  0.88  0.419 
Genotypes.Sowing_Dates 4  0.070961  0.017740  6.15 <.001 
Location.Sowing_Dates 2  0.116919  0.058459  20.25 <.001 
Genotypes.Year 2  0.004797  0.002398  0.83  0.438 
Location.Year 1  0.029733  0.029733  10.30  0.002 
Sowing_Dates.Year 2  0.011501  0.005751  1.99  0.141 
Genotypes.Location.Sowing_Dates  
 4  0.013642  0.003411  1.18  0.323 
Genotypes.Location.Year 2  0.001748  0.000874  0.30  0.739 
Genotypes.Sowing_Dates.Year  
 4  0.032439  0.008110  2.81  0.029 
Location.Sowing_Dates.Year  
 2  0.006129  0.003065  1.06  0.349 
Residual 109  0.314626  0.002886     
Total 143  0.944731          
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 ANOVA on proportion of pods above node thirteen in faba bean genotypes at 
Breeza and Narrabri 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Replication stratum 3  0.016341  0.005447  1.54   
Genotypes 2  0.075014  0.037507  10.60 <.001 
Location 1  0.423961  0.423961  119.85 <.001 
Sowing_Dates 2  3.149597  1.574799  445.20 <.001 
Year 1  0.118302  0.118302  33.44 <.001 
Genotypes.Location 2  0.018880  0.009440  2.67  0.074 
Genotypes.Sowing_Dates 4  0.012509  0.003127  0.88  0.476 
Location.Sowing_Dates 2  0.143955  0.071977  20.35 <.001 
Genotypes.Year 2  0.041651  0.020826  5.89  0.004 
Location.Year 1  0.111288  0.111288  31.46 <.001 
Sowing_Dates.Year 2  0.038818  0.019409  5.49  0.005 
Genotypes.Location.Sowing_Dates  
 4  0.013965  0.003491  0.99  0.418 
Genotypes.Location.Year 2  0.014528  0.007264  2.05  0.133 
Genotypes.Sowing_Dates.Year  
 4  0.062622  0.015655  4.43  0.002 
Location.Sowing_Dates.Year  
 2  0.045539  0.022769  6.44  0.002 
Residual 109  0.385566  0.003537     
Total 143  4.672534       
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 ANOVA on dry matter production at maturity (t/ha) in faba bean genotypes at 
Breeza 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Rep stratum 3  15.949  5.316  3.95   
Genotype 2  7.598  3.799  2.82  0.064 
Main_Plot 1  10.221  10.221  7.59  0.007 
Sowing_Date 2  333.939  166.969  123.94 <.001 
Year 1  30.967  30.967  22.99 <.001 
Genotype.Main_Plot 2  4.817  2.408  1.79  0.172 
Genotype.Sowing_Date 4  0.786  0.196  0.15  0.965 
Main_Plot.Sowing_Date 2  3.603  1.801  1.34  0.267 
Genotype.Year 2  17.045  8.523  6.33  0.003 
Main_Plot.Year 1  10.078  10.078  7.48  0.007 
Sowing_Date.Year 2  194.525  97.263  72.20 <.001 
Genotype.Main_Plot.Sowing_Date 
 4  2.010  0.503  0.37  0.827 
Genotype.Main_Plot.Year 2  0.194  0.097  0.07  0.931 
Genotype.Sowing_Date.Year  
 4  3.194  0.799  0.59  0.669 
Main_Plot.Sowing_Date.Year  
 2  2.554  1.277  0.95  0.391 
Residual 109  146.844  1.347      
Total 143  784.324       
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 ANOVA on yield (t/ha) in faba bean genotypes at Breeza 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Rep stratum 3  0.4474  0.1491  1.07   
Genotype 2  4.8339  2.4170  17.30 <.001 
Main_Plot 1  0.1737  0.1737  1.24  0.267 
Sowing_Date 2  41.5491  20.7746  148.71 <.001 
Year 1  41.0184  41.0184  293.62 <.001 
Genotype.Main_Plot 2  0.3242  0.1621  1.16  0.317 
Genotype.Sowing_Date 4  0.6013  0.1503  1.08  0.372 
Main_Plot.Sowing_Date 2  0.2445  0.1223  0.88  0.420 
Genotype.Year 2  1.4803  0.7402  5.30  0.006 
Main_Plot.Year 1  1.1554  1.1554  8.27  0.005 
Sowing_Date.Year 2  33.3182  16.6591  119.25 <.001 
Genotype.Main_Plot.Sowing_Date 
 4  0.4737  0.1184  0.85  0.498 
Genotype.Main_Plot.Year 2  0.0893  0.0447  0.32  0.727 
Genotype.Sowing_Date.Year  
 4  1.4702  0.3675  2.63  0.038 
Main_Plot.Sowing_Date.Year  
 2  0.6077  0.3038  2.18  0.119 
Residual 109  15.2270  0.1397      
Total 143  143.0142            
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 ANOVA on harvest index in faba bean genotypes at Breeza 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr.  
Rep stratum 3  0.012522  0.004174  0.83   
Genotype 2  0.115511  0.057755  11.49 <.001 
Main_Plot 1  0.033428  0.033428  6.65  0.011 
Sowing_Date 2  1.471447  0.735723  146.34 <.001 
Year 1  1.025280  1.025280  203.93 <.001 
Genotype.Main_Plot 2  0.029747  0.014873  2.96  0.056 
Genotype.Sowing_Date 4  0.032121  0.008030  1.60  0.180 
Main_Plot.Sowing_Date 2  0.004920  0.002460  0.49  0.614 
Genotype.Year 2  0.001692  0.000846  0.17  0.845 
Main_Plot.Year 1  0.000883  0.000883  0.18  0.676 
Sowing_Date.Year 2  0.201851  0.100926  20.07 <.001 
Genotype.Main_Plot.Sowing_Date 
 4  0.015315  0.003829  0.76  0.553 
Genotype.Main_Plot.Year 2  0.000333  0.000167  0.03  0.967 
Genotype.Sowing_Date.Year  
 4  0.018086  0.004521  0.90  0.467 
Main_Plot.Sowing_Date.Year  
 2  0.005911  0.002955  0.59  0.557 
Residual 109  0.548010  0.005028      
Total 143  3.517055          
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 ANOVA on 100 seed weight (g) in faba bean genotypes at Breeza 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Rep stratum 3  258.25  86.08  5.66   
Genotype 2  732.33  366.16  24.07 <.001 
Main_Plot 1  849.33  849.33  55.83 <.001 
Sowing_Date 2  179.27  89.64  5.89  0.004 
Year 1  3207.52  3207.52  210.83 <.001 
Genotype.Main_Plot 2  4.69  2.34  0.15  0.857 
Genotype.Sowing_Date 4  21.00  5.25  0.35  0.847 
Main_Plot.Sowing_Date 2  22.20  11.10  0.73  0.484 
Genotype.Year 2  602.07  301.04  19.79 <.001 
Main_Plot.Year 1  287.13  287.13  18.87 <.001 
Sowing_Date.Year 2  116.41  58.21  3.83  0.025 
Genotype.Main_Plot.Sowing_Date 
 4  29.18  7.30  0.48  0.751 
Genotype.Main_Plot.Year 2  18.73  9.37  0.62  0.542 
Genotype.Sowing_Date.Year  
 4  156.10  39.03  2.57  0.042 
Main_Plot.Sowing_Date.Year  
 2  20.07  10.03  0.66  0.519 
Residual 109  1658.32  15.21     
Total 143  8162.63       
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 ANOVA on proportion of pods below node six in faba bean genotypes at Breeza 
2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Rep stratum 3  0.007093  0.002364  0.95   
Genotype 2  0.050418  0.025209  10.16 <.001 
Main_Plot 1  0.000602  0.000602  0.24  0.623 
Sowing_Date 2  0.535170  0.267585  107.87 <.001 
Year 1  0.000161  0.000161  0.07  0.799 
Genotype.Main_Plot 2  0.003611  0.001806  0.73  0.485 
Genotype.Sowing_Date 4  0.018631  0.004658  1.88  0.119 
Main_Plot.Sowing_Date 2  0.002858  0.001429  0.58  0.564 
Genotype.Year 2  0.027496  0.013748  5.54  0.005 
Main_Plot.Year 1  0.000001  0.000001  0.00  0.987 
Sowing_Date.Year 2  0.005752  0.002876  1.16  0.318 
Genotype.Main_Plot.Sowing_Date 
 4  0.029809  0.007452  3.00  0.021 
Genotype.Main_Plot.Year 2  0.000414  0.000207  0.08  0.920 
Genotype.Sowing_Date.Year  
 4  0.016952  0.004238  1.71  0.153 
Main_Plot.Sowing_Date.Year  
 2  0.001221  0.000611  0.25  0.782 
Residual 109  0.270391  0.002481     
Total 143  0.970581        
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 ANOVA on proportion of pods from node six to nine in faba bean genotypes at 
Breeza 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Rep stratum 3  0.005900  0.001967  0.42   
Genotype 2  0.035055  0.017527  3.72  0.027 
Main_Plot 1  0.027671  0.027671  5.88  0.017 
Sowing_Date 2  1.390034  0.695017  147.70 <.001 
Year 1  0.001496  0.001496  0.32  0.574 
Genotype.Main_Plot 2  0.002210  0.001105  0.23  0.791 
Genotype.Sowing_Date 4  0.040928  0.010232  2.17  0.077 
Main_Plot.Sowing_Date 2  0.049222  0.024611  5.23  0.007 
Genotype.Year 2  0.032765  0.016383  3.48  0.034 
Main_Plot.Year 1  0.007630  0.007630  1.62  0.206 
Sowing_Date.Year 2  0.026209  0.013104  2.78  0.066 
Genotype.Main_Plot.Sowing_Date 
 4  0.004566  0.001141  0.24  0.914 
Genotype.Main_Plot.Year 2  0.000224  0.000112  0.02  0.977 
Genotype.Sowing_Date.Year  
 4  0.044456  0.011114  2.36  0.058 
Main_Plot.Sowing_Date.Year  
 2  0.006714  0.003357  0.71  0.492 
Residual 109  0.512904  0.004706     
Total 143  2.187984       
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 ANOVA on proportion of pods from node ten to thirteen in faba bean genotypes at 
Breeza 2012-13 
Source of variation     d.f.     s.s.             m.s.            v.r.           F pr. 
Rep stratum 3  0.017531  0.005844  1.87   
Genotype 2  0.038214  0.019107  6.11  0.003 
Main_Plot 1  0.001317  0.001317  0.42  0.518 
Sowing_Date 2  0.420779  0.210390  67.23 <.001 
Year 1  0.000053  0.000053  0.02  0.896 
Genotype.Main_Plot 2  0.006513  0.003256  1.04  0.357 
Genotype.Sowing_Date 4  0.020614  0.005154  1.65  0.168 
Main_Plot.Sowing_Date 2  0.010863  0.005432  1.74  0.181 
Genotype.Year 2  0.010661  0.005331  1.70  0.187 
Main_Plot.Year 1  0.001843  0.001843  0.59  0.444 
Sowing_Date.Year 2  0.002945  0.001473  0.47  0.626 
Genotype.Main_Plot.Sowing_Date 
 4  0.025031  0.006258  2.00  0.100 
Genotype.Main_Plot.Year 2  0.001156  0.000578  0.18  0.832 
Genotype.Sowing_Date.Year  
 4  0.019236  0.004809  1.54  0.197 
Main_Plot.Sowing_Date.Year  
 2  0.002852  0.001426  0.46  0.635 
Residual 109  0.341103  0.003129      
Total 143  0.920713          
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 ANOVA on proportion of pods above node thirteen in faba bean genotypes at 
Breeza 2012-13 
Source of variation d.f. s.s. m.s. v.r. F pr. 
 Rep stratum 3  0.002580  0.000860  0.22   
Genotype 2  0.024066  0.012033  3.14  0.047 
Main_Plot 1  0.011135  0.011135  2.91  0.091 
Sowing_Date 2  1.570664  0.785332  205.02 <.001 
Year 1  0.001108  0.001108  0.29  0.592 
Genotype.Main_Plot 2  0.000483  0.000242  0.06  0.939 
Genotype.Sowing_Date 4  0.015770  0.003943  1.03  0.396 
Main_Plot.Sowing_Date 2  0.030499  0.015250  3.98  0.021 
Genotype.Year 2  0.054343  0.027171  7.09  0.001 
Main_Plot.Year 1  0.001904  0.001904  0.50  0.482 
Sowing_Date.Year 2  0.038695  0.019348  5.05  0.008 
Genotype.Main_Plot.Sowing_Date 
 4  0.010195  0.002549  0.67  0.617 
Genotype.Main_Plot.Year 2  0.002905  0.001452  0.38  0.685 
Genotype.Sowing_Date.Year  
 4  0.094914  0.023728  6.19 <.001 
Main_Plot.Sowing_Date.Year  
 2  0.011477  0.005738  1.50  0.228 
Residual 109  0.417520  0.003830      
Total 143  2.288257          
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 Analyses days to flower 
 ANOVA on flower day after sowing in faba bean genotypes at Breeza 2012-13 
Accumulated analysis of variance 
  
Change d.f. s.s. m.s. v.r. F pr. 
+ Rep  3  2107.75  702.58  8.25 <.001 
+ P_No  5  12910.31  2582.06  30.32 <.001 
+ Rep.P_No  11  2771.91  251.99  2.96 <.001 
+ Genotype  2  9878.02  4939.01  57.99 <.001 
+ Irrigation  1  326.99  326.99  3.84  0.050 
+ Sow_Date  2  65654.26  32827.13  385.43 <.001 
+ Year  1  1478.73  1478.73  17.36 <.001 
+ Genotype.Irrigation  2  192.52  96.26  1.13  0.323 
+ Genotype.Sow_Date  4  1829.66  457.41  5.37 <.001 
+ Irrigation.Sow_Date  2  465.67  232.83  2.73  0.065 
+ Genotype.Year  2  132.97  66.48  0.78  0.458 
+ Irrigation.Year  1  0.55  0.55  0.01  0.936 
+ Sow_Date.Year  2  1126.66  563.33  6.61  0.001 
+ Genotype.Irrigation.Sow_Date  
  3  135.65  45.22  0.53  0.661 
+ Genotype.Irrigation.Year  2  177.42  88.71  1.04  0.353 
+ Genotype.Sow_Date.Year  3  18.38  6.13  0.07  0.975 
+ Irrigation.Sow_Date.Year  2  471.49  235.74  2.77  0.063 
Residual  1053  89683.90  85.17     
Total  1101  189362.84  171.99     
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 ANOVA on flower day after sowing in faba bean genotypes at Narrabri 2012-13 
 Accumulated analysis of variance 
Change d.f. s.s. m.s. v.r. F pr. 
+ Rep  3  1079.8  359.9  1.89  0.130 
+ P_No  7  71997.8  10285.4  53.91 <.001 
+ Rep.P_No  13  1572.6  121.0  0.63  0.827 
+ Genotype  2  28366.0  14183.0  74.34 <.001 
+ Sow_Date  2  9989.1  4994.6  26.18 <.001 
+ Year  1  4643.6  4643.6  24.34 <.001 
+ Genotype.Sow_Date  4  3585.8  896.5  4.70 <.001 
+ Genotype.Year  2  1114.0  557.0  2.92  0.054 
+ Sow_Date.Year  2  8722.2  4361.1  22.86 <.001 
+ Genotype.Sow_Date.Year  4  1911.3  477.8  2.50  0.040 
Residual  2707  516479.0  190.8     
Total  2747  649461.3  236.4        
 
 
 
 
 
 
 
